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Introduction 

This  Is  a  serial  publication  containing 
selected  translations  on  nonferrous  metallurgy 
In  the  Soviet  Union.  This  report  contains 
translations  on  the  subjects  listed  In  the 
table  of  contents  below. 
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The  Possibility  of  Heavy^Suspenslon  Concentration  of- 


~ure5.  from  tiie-  Nerchinsk  IteposTEs" 


following  ,1s  a'., traRslat'ioh  of  ^-  ajsiicle  '  . 
Witten  by .  S;  Vl.^BesSonov  and-  I.-  M'  'kullkov' 
in  Izvestiya  VysshikIi:tJchebi^kh  Zavedenly. , 
Tsvetnaya  Metallurgiya  (News  of  Higher.  Edu-  ‘ ' 
catloi^l  Institutions .  Nonf errous  Metallurgy ) 
^10 1959,  pages  47-51;  CSO;  3001-N/7 
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,  "  Concentration  in  heavy  suspension\/^ense  medium''Sf^is 

being  applied  on  an  ever  broader-  ^ale  In ,  the.^  practice  of  i  the 
concentration  of  minerals.  ’,  .  -  .  '  ,  ^  .1.,.  *^ 

applied  to  polymetal  ores^.^thls  r^ihod  is  utilized 
-br  prlma^  concentration:  iprlor  to.  flotation,  in’ thls.caae, 
concentration  in  heavy  suspehsloni'malces  It  possible  to  to- 
crease  the^ productivity  of 'concentrator  iplahts  and  to  reduce 
•  ne  expenditures  on  concentration  .caused  by  the  Isolation.  :, 
pd  dumping  of  a  considerable ‘^ourit  of  gan^e  during  a 'com- 
,.;aratively  coarse  crushing  of.. ore. .  Thla.lsrattested  by  the 
a^.ni^ber  of  foreign  plant h  ‘(Mesfc6t;-iChdlkln,, 

Ledyll,  E^le  Plcher,  and  others  In  the  United  States.: . 
culllvan  in^  C^iwda;.  .Mecherhlch, .  Ramsbek,  and  'dthers  in  West 
Germany;  which  ^ploy  heavy-suspension  concentration  for  ^ 
concentration  of  Iea;d,.  zlnc^and  lead -zinc  ores. 
<;.nd  old-dump  tailings.  ,  ;:;7i 

.  the  Soviet. Union  the  .heavy-suspensloh  conceniirati 
Ion  of  polymetal  ores  has  been  tested  in,  a  few  plants.  Thus. 

'  f  semi -industrial  tests 

yV  a  sulfldlc  polymetal  ore  at  the  Kumyshkansk  Ore. Mine  and 

of  the  polymetal  ores  of  a -number  of^r: 
ccher  deposits, as  .well.  . 

interest  to  Investigate rthelppssl^^^^  of" 

applying  heavy- suspension  conce^ntratlon  to  the .  lead  and.^lead- 
of  Eastern  Transbayfcal',  whose  territory,  is  dotted 
W'.wh  a  considerable  number  of  small, deposits*  Many  bf..these 
i^oposlts,  not  infrequently  having  rich  ores,  are  not  beS; 

present  In  view  of  the  unprofitableness  of  cbh^  ' 
wvructli^  concentrator  plants  tj^re  smd  'the  uneQQnominaftty 
01  the  haulage  of  their  oi^:2to  We  ej^stlng  concehte^^ 
plants  of  the  Nerchinsk  Ore  Administration,  because  "of  the  " 
considerable  ln,teryening  dlst^cea..  .  :  ^  . 

,  ^  ^^®e^y-sbsperisibn  concentration  could,'  in  our- opirilw 

make  it  possible  In  a  number  of  cases  to  conduct  preliminary 
concentration  on  small  statlonwy  or  movable  Installatlor^S:,, 


servicing  . one.  or  several- ad;^acent.  ore  mines.  The  ore  con¬ 
centrated  at  these  installations  could  -be  delivered  for 
final  concentration  to  the  existing  concentrator  plants  or 
to  central  concentrator  plants  es^eclailly  built  to  service 
groups  of  ore- mines. .If  this  process  proves  to  be  effect¬ 
ive  for  the- oi^S' currently  ePhcenirated' Irt  the  plants  of 
the  Nerchinsk  Ore  Administration, • then  its  introduction  will 
make  it  possible  to  increase  the:  productivity  of  enterprise., 
without  any  major  capital . outlays  and  to  improve  their  oper- 

^  ^  The  studies  of  the  ores  of  certain  Nerchinsk  deposltp 

conducted  in  1957-1958  at  the  Problems  Laboratory  of  Mineral 
Concentration  of.. the  Irkutsk  Mining  and  Metallurgical  Instit¬ 
ute,  included,  ■'in  addition  to.  the  other  methods  of  concentra¬ 
tion,  an  -  ihvestigatiott-  of- the-  possibility  of  the  prlm^  cc.n- 
centration  of  these  ores  in  heavy  .suspensions.  Invest Igatea 
were  the  lead  ore  of  the  Pervo-Ighatovskiy  Deposit  .and  the 
lead-zihc  ores  of  theBlagcdatskiy  and  Kamenskiy; deposits. 

ru  v.>/  This  Present  arti'dle  recapitulates  in  brief  the  re¬ 
sults  of  the  researches  In-the'^conCentratlon  of  the  abdve- 
naraed 'ores  IH  heavy'  Sus^j^nsions.  "  . 

;  "The  bulk  of  the  lead  (81  percent;)  In  the  ore -of  the 
Pervo-Ignatovskiy.Deposit  is  represented  by  galenlte  and 
boulangerlte,  and  the  oxidated 'lead  minerals  are  represented 
by  cerussite  and  crocolte . .  Sphalerite,  chalcopyrlte  anc. 
covelllte  are  not  present  in  industrially  exploitable 
amounts.'  The  metallic  minerals  are  represented  by  consider¬ 
able  amounts  -of  arsenbpyrite,  pyrite,  and  certain  others. 

The  nonmetalllc  minerals  are  represented  mostly  by  quartz 
(predominating -  amount caicltei  arid  feldspar,  and  serlcice 
and  chlorite  are  encoimtered  as  well.  .  The  ^nature  of  the 
mineralization  is  veined-impregnated,  in, addition  to  the 
fairly  ^large  segregatibiis  •  of  galenlte ''aria'  boularigerlte  v.-.v-re 
also  occurs  a  fine  impregnation  of  these  and  other  mineral ii 
and  complex  mutual  Intergrowth  of  the  metallic  minerals. 

■  -  The  lead-zlric  orb  of  the  Eilagodatskly '^Deppslt  is 
characterized  by  a  hi^  content^  of  pyrite  and  zinc  and  by  a 
more  complex  and" closer  mutual  Intergrowth  of  metallic 
minerals .  -Lead  is  represented  chiefly  by  galenlte  and.bou-- 
angeriite,  arid  zinc  --  by.  sphalerite.  ■  This  ore  contains  ar:3- 
enopyrlte  and  inconsiderable  amounts  of  chalcopyrlte  and 
other  ■  metallic  inlnerals.  ^  '  bulk  of  the.  nonmetalllc  mlner- 
ai a  is •"riepre'serited -by  'calcite ,  dolomite  and  quartz. 

The  mixed  suif idle -oxidized  lead^ziric  ore  of  the 
Kamenskiy  Deposit  is  characterized  by  a  :lbw  content  of  lead 

^The  experimental  part  of  the  study  was  done  in  collaboratlcu 
With  Engineer  S.  V.  Shcherbakova 
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(1.25  percent)  and  zinc  (1,02  percent).  The  zinc  contained 
in  the  form  of  oxidized  minerals  reaches  29  percent  of  the 
total  zinc  content  of  the  ore,  Boulangerlte  and  arsenopy- 
rlte  are  absent.  Hie  nonmetalllc  minerals  are  represented 
mainly  by  quartz,  plagloclases,  feldspars,  biotlte,  chlorite, 
serlclte,  and  others.  This  ore  lacks  a  large  segregations 
of  metallic  minerals:  a  major  part  of  galenlte  and  sphaler¬ 
ite  occurs  In  the  form  of  minute  dispersed  Impregnation  in 
the  vein  mass  and  in  the  form  of  complex  intergrowths  and 
intergrowths  with  other  metallic  minerals  as  well. 

Heavy-suspension  concentration  was  applied  to  an  ore 
ground  to  -25,  -15  and  -10  mm.  During  every  experiment  the 
ore  suspension  was  first  washed  on  a  screen  with  holes  hav¬ 
ing  a  diameter  of  three  mm  for  the  purpose  of  eliminating 
fines.  The  /3  mm  class  was  concentrated  in  heavy  suspen¬ 
sion.  The  suspension  substance  used  was  a  finely  ground 
and  re -cleaned  gravity  concentrate  isolated  from  the  high- 
grade  part  of  the  ore  of  the  Pervo-Ignatovskly  Deposit  and 
having  the  following  composition:  65,87  percent  of  Pb  and 
3.59-8,62  percent  of  Zn;  specific  gravity  —  5.60-6,37. 
Iranulometrlc  characteristic  (In  percent) : 

/0.074  mm  —  28-14 
-0.074/0.044  ram  —  26-10 
-0.044  ram  —  46-76. 

The  concentration  was  conducted  in  cylindrical  ves¬ 
sels,  with  manual  stirring.  After  careful  stirring  and 
stratification  of  the  ore  (In  the  course  of  10  seconds)  the 
fraction  that  had  floated  up  to  the  top  was  skimmed  off  with 
a  mesh  scoop;  the  settllng-out  heavy  fraction  was  periodic¬ 
ally  removed.  In  measure  with  Its  accumulation,  from  the 
vessel.  After  the  ending  of  the  experiment  every  fraction 
was  washed  with  water  on  a  screen  with  1-mm  holes. 

Experiments  with  the  concentration  of  the  ores  of  the 
Pervo-Ignatovskly  Deposit  in  a  suspension  with  a  specific 
gravity  of  2,7  demonstrated  the  possibility  of  separating 
callings  with  a  lower  content  of  lead  (0.34-0.46  percenl^ 
than  In  experiments  with  the  direct  flotation  of  ore  (0.74 
percent).  The  greatest  yield  of  dimip  tailings  (38,2  per¬ 
cent)  Is  obtained  when  crushing  the  ore  to  -25  mm;  at  a 
''iner  crushing  the  yield  of  tailings  declines  because  of 
the  Increase  in  the  amount  of  the  then  forming  fines  (class 
-3  mm).  The  losses  of  lead  In  dump  tailings  are  virtually 
identical  at  crushing  within  the  range  of  25-10  ram. 

In  the  suspension  with  specific  gravity  of  2.8  the 
greatest  yield  of  tailings  (44.3  percent)  is  obtained  also 
when  crushing  the  ore  to  -25  mm,  and  the  zinc  content  in 
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the  tailings  is  approximately  the  same  (0,43  percent).  The 
results  of  the  experiments  in  the  concentration  of  an  ore 
crushed  to  -25  ram  are  cited  In  Table  1. 

As  can  be  seen  from  Table  1,  the  ore  of  the  Pervo- 
Ignatovskly  Deposit ' concentrates  satisfactorily  in  heavv 
suspensions, 

u  j  ^  Tests  of  the  ore  of  the  Blagodatskly  Deposit  also 

positive  result s>  although  In  this  case  the  re¬ 
lative  yield  of  tailings  was  smaller  than  in  the  case  of  the 
ore  of  the  Pervo-Ignatovskly  Deposit,  This  last  circumstance 
is  partly  to  be  explained  by  the  higher  content  of  metallic 
minerals,  especially  pyrite,  in  the  Blagodatskly  ore,  eind  - 
oy  the  finer  impregnation  of  minerals  as  well,  in  a  suspen¬ 
sion  with  a  density  of  2,8  grams/cm3  the  yield  of  tailings 
19.4-22,4  percent,  and  these  tailings  contain 
0.26-0.41  percent  of  Pb  and  0.30-0. 59  percent  of  Zn.  In 
this  connection,  commensurately,..  the  losses  of  metals  In 
■/alllngs  do  not  exceed  2, 1-2, 4  and  1.0-1, 8  percent,  respect- 
Ively  *  The  content  of  lead  In  the  flotation  tailings 
.amounts  to  0.45-0.55  percent,  and  of  zinc  —  0.70-0.80  per- 
cent.  Concentration  in  heavy  suspension  proceeds  most  ef¬ 
fectively  when  the  ore  Is  crushed  to  -25  ram  and  the  suspen- 
.tlon  has  a  density  of  2.8  grams/cm’. 

Kamenskiy  Deposit 

:i.t  was  established  that  it  concentrates  poorly  in  heav''’ 

suspensions.  The  yield  of  tailings  ranges  then  from  19.2 . 

percent,  and  their  content  of  metals  reaches  0,46- 
®  1.25-percent  of  Pb  content  In  ore) 
luid  0.66-0.70  percent  of  Zn  (at  a  1.02 -per cent  content  of 
yn  In  ore),  whereas  the  tailings  yielded  by  direct  flotat¬ 
ion  contain  0,16-0.18  percent  of  Pb  and  0.10-0.12  percent 

ilfll «  • 

®  fuller  assessment  of  the  process  of  Concentrat¬ 
ion  in  heavy  suspensions,  as  applied  to  the  afore-named  ores, 
experiments  with  the  flotation  of  the  heavy  fraction  from 
Che  ore  of  the  Pervo-Ignatovskly  Deposit  and  fines  (class 
-3  mm)  were  conducted,  and  In  this  connection  both  products 
vere  flotated  both  separately  and  Jointly, 

Joint  flotation  yielded  better  Indexes. 

^e  heavy  fraction  and  the  -3  ram-class  In  every  ex-^ 
perlment  were  combined  and  crushed  In  a  roll  crusher  to 
'2  mm,  whereupon  the  material  was  ground  In  a  rod  mill  at 
solid: liquid: stoke  ratio  of  1:0. 5:6  with  a  71.4-percent 
content  of  the  -O.074  mm  class  (optimal  grinding  size  of 
raw  ore  prior  to  flotation.  The  following  flotation  agents 
and  conditions  were  applied:  (butyl)  xanthogenate,  100 
grams/ton;  cresol,  30  grams/tonj  and  time  of  flotation,  12 
minutes,*  control  flotation  —  sodium  sulfide,  300  grams/ton; 
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xanthogenate,  100  grams/ton j  cresol,  22.5  grams/ton j  and 
time  of  flotation,  l8  minutes. 

By  way  of  example  let  us  cite  the  Indexes  obtained 
during  the  flotation  of  the  heavy  fraction  yielded  by  con¬ 
centration  of  ore  crushed  to  -25  mm  Jointly  with  screenings 
(-3  mm  class)  in  a  suspension  with  a  specific  gravity  of  2.7. 

Table  2 


Technological  Indexes  of  Ore  Concentration 


Product  of  Concentration  | 

Yield 

In 

Content 
of  Pb, 
In  $ 

i 

Recovery 
of  Pb, 
In  5^ 

Concentrate  | 

Intermediate  Product 

Aggregate  Froth  Product 

Aggregate  Tailings 

17.2 

4.6 

21.8 

78.2 

48.74 

5.92 

39.54 

0.74 

90.6 

3.1 

-  -  1 

Raw  Ore 

100.0 

9.20 

1 

100.0  : 

1 

The  results  of  the  conducted  experiments  attest  to 
the  possibility  of  obtaining  comparatively,  high  technologlr,-. 
al  Indexes  when  concentrating  ore  by  the  combined  system  in¬ 
corporating  the  process  of  concentration  In  a  heavy  suspen¬ 
sion  and  subsequent  flotation  of  the  heavy  fraction  Jointly 
with  the  screenings  (-3  mm  class).  The  recovery  of  lead  an?, 
primary  froth  product  containing  46.00-39.00  percent  of 
metal  amounts  to  91.7-94.4  percent.  The  content  of  lead  i.i 
the  aggregate  tailings  of  flotation  and  suspension-concent- 
ration  does  not  exceed  the  content  of  that  metal  In  the 
tailings  of  the  ^irec;^  flotation  of  raw  ore  (approximately 
0.7  percent).  The  consumption  of  flotation  agents  per  ton 
of  processed  ore  In  the  above  experiments,  proved  to  be  - 
15-25  percent  lower  than  in  the  experiments  with  direct 
flotation,  _  , 

Conclusions 

1,.  Laboratory  Investigations  have  established  In 
principle  the  feasibility  of  the  heavy-suspension  concentra¬ 
tion  of  the  ores  of  two  deposits  (Pervo-Ignatovskiy  and 
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Blagodatskly)  of.  the  Nerchinsk  Group;  the  third  of  the  tested 
ores  (Kamenskiy  Deposit)  Is  not  suitable  for  such  concentrat~ 

•ia  WXX  •  .... 

®  result  of  the  concentration  of  ores  It  is 
possible  to  segregate  as  much  as  22-44  percent  of  wastes 

with  a  lower  metal  content  than  that  of  the  tailings  of  di¬ 
rect  flotation.  a  60  WJ. 

3»  Experiments  with  the  flotation  of  the  concentrated 
product  (of  the  Pervo-Ignatovskly  Deposit)  Jointly  with 
screenings  have  yielded  highly  satisfactory  results  as  to  th'^ 
recovery  of  lead,  and  they  have  Involved  a  15-25  percent 
lower  consumption  of  flotation  agents  than  in  the  case  of 
che  flotation  of  the  raw  ore, 

_®ie  positive  results  yielded  by  two  ores  point  to  the 

the  applications  of  the  given  pro - 
ores  or  the  other  deposits  In  the  Nerchinsk 
jroup,  as  many  of  them  have  a  material  composition  and  char¬ 
acter  of  mineralization  that  are  close  to  those  of  the  test¬ 
ed  ores. 


2. 


3. 


f 


Received  9  March  1959 


Bibliography 


Conoentrabiilty  of  Ores," 

Fishman,  M.  A.  ^d  Sobolev,  D.  S.  "Practice  of  the  Con¬ 
centration  of  the  Ores  of  llonferrous  and  Rare  Metals," 
Part  1,  Metallurglzdat,  1957 
Shpll'berg,  B.  A.;  ShelestOv,  M.  S,;  Gruzdeva,  A.  K,; 
^avednykh.  Ye.  Z.;  Flllcl^ln,  I.  Ye,;  Zhavoronok, 

TsM"  bulletin  of  the  Central 
Scientific  Research  Institute  of  Nonferrous  Metallur¬ 
gy,  No.  19-20  (96-97),  1957 
Gruzdeva,  A.  K,  "Bjhilletln  Tekhnlcheskoy  Informatsll, 
Serlya  Gornometallurglcheskaya"  bulletin  of  Tech- 
nlcal  Information,.  Series  on  Mlrung  and  Metallurgy/l 
No.  7,  AlmarAta,  1958.  .  " 

Kovalenko,  N.  .T.  "Tsvetnyye  Metally, "  No.  6,  1955 
Bessonov,  S.  V,  and  Kulikov,  I,  M,  "Tr,  Irkutskogo  Gor- 

In-ta"_^^orks  of  Irkutsk  Mining 
and  Metallurgical  InstituteTT  Vol,  13,  1958. 


-  7  - 


2«  Recovery  of  Selenium  from  the  Slimes  of  Sulfuric -Acid 

Plants 


following  Is  a  translation  of  an  article 
Witten  by  V.  D.  Ponomarev,  Ye.  A,  Buketov, 
and  G.  A,  Kononenko.  In  Izvestlya  Vysshlkh 
Uchebnykh  Zavedeniy.  Tsvetnaya  Metallurglya 
(News  of  Higher  Educational  Institutions . 

Nonferrous  Metallurgy),  No.  6,  June  1959, 
pages  47^51;  CSO:  3001-N/7  (11)^ 

Selenl\mi,  which  at  present  Is  of  major  Importance  In 
view  of  Its  applications  In  the  newest  fields  of  engineer Inj:;, 
Is  obtained  mainly  from  the  anode  slimes  yielded  by  the, -el-’ 
ectrolytlc  refining  of  copper.  Another  source  of  selenium 
Is  the  slimes  of  the  sulfurlc-acld  plants  which  utilize  the 
^ases  of  th^  roasting  of  pyrlte  and  other  sulfldlc  concen¬ 
trates.  Hltnerto,  however,  the  recovery  of  selenium  from 
the  selenium-bearing  slimes  of  sulfurlc-acld  plants  has  been 
Inadequate,  and  moreover  only  the  richer  slimes  containing 
dozens  of  percent  of  that  metal  (Blbl.  1)  are  thus  processed; 
the  slimes  containing  from  one  to  several  percent  of  selen¬ 
ium  are  not  utilized,  and  thus  a  large  part  of  the  selenium 
is  forfeited.  At  the  same  time,  the  needs  of  the  national 
economy  f Or  selenium  dictate  the  necessity  of.  recovering 
selenium  from  the  poor  slimes  also. 

The  study  whose  results  are  described  below  had  for 
Its  purpose  the  outlining  of  a  rational  path  of  recovering 
selenium  from  the  slimes  of  sulfiirlc-acld  plants  operating, 
on  the  roasting  gases  of  zinc  production.  Such  slimes  con¬ 
sist  mainly  of  zinc  sulfate  and  have  the  following  composit¬ 
ion  (in  percent):  1.1  Se;  52.0  Pb;  0.7'Hg;  9.15  Si02J  0.9 

CaO; '27.2  SO4;  8.95  miscellaneous. 

,  ;The  selenium  In  the  slime  Is  In  Its  elementary  state, 
in  the  red  variety,  and  at  100°C  It  changes  over  to  the 
gray  variety.  When  viewed  through  a  monocular  magnifying 
glass,  the  particles  of  the  selenium  are  clearly  discern¬ 
ible;  they  are  only  slightly  bound  to  the  other  particles 
of  the  slime .  The  granulometric  composition  of  the  slime 
was  as  follows: 

/O.35  ram —  0.6  percent 
/0.30  mm  —  7.65  " 

/0.21  ram  —  4.6  " 

/0.147  "  —  6.7  '' 

/O.l  "  —  4.55  " 

-0.1  "  —75.9 
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According  to  published  data  (Blbl.  2,  3),  selenium 
can  in  principle  be  recovered  from  the  slimes  by  the  follow¬ 
ing  methods: 

1.  Calcining  the  slime  in  an  air  current  and  driving 
off  the  selenium  in  the  form  of  selenious  anhydride,  or  cal¬ 
cining  the  slime  without  access  of  air,  and  driving  off  met¬ 
allic  selenium, 

2i  Treatment  of  the  acid  slime  pulp  with  a  powerful 
oxidizing  agent  so  as  to  pass  over  the  selenliun  into  the 
solution  in  the  form  of  H2Se02.  . 

3.  Leaching  of  slime  by  Na2S  or  Na2S03  solutions. 

4.  Leaching  of  slime  by  NaCl  solutions;  in  this  con* 
nectlon,  FbS04  passes  over  into  the  solution  while  the  resid¬ 
ue  is  enriched  with  selenium. 

5.  Flotation  of  selenium  from  slime. 

A  study  of  the  conditions  of  the  treatment  of  the 
acid  slime  pulp  with  a.; powerful  oxidizing  agent  (e.  g,,.  .. 
permanganate)  demonstrated  the  inexpediency  of  employing 
this  method  in  view  of  the  poor  flltravlllty  of  the  pulp, 
considerable  consumption  of  oxidizing  agent,  and  lengthy 
duration  of  the  process  of  the  reduction  of  selenium  by 
sulfur  dioxide  from  the  solution  containing  the  oxidizing 
agent. 

We  have  Investigated  in  sufficient  detail  three  meth¬ 
ods  of  concentrating  selenium:  passing  of  selenium  into  sul- 
fldlc  or  sulfltlc  solutions,  leaching  of  PbS04  from  slime  by 
NaCl  solutions,  and  obtalnment  of  slime  concentrate  by  flot¬ 
ation. 

The  leaching  of  Se  from  selenium-containing  slimes 
is  based  on  reversible  reactions:  , 

Na2S  /  nSe  ^ji^^NaSSejj  and  Na2S03  /  Se  -^Na^SSeO^. 

The  selection  of  these  solvents  is  to  be  explained 
by  the  fact  that  they  act  selectively,  although  it  is  pos¬ 
sible  that  a  part  of  SIO2  from  the  slimes  will  pass  over 
into  the  Na2S  solution,  ,  : 

.  Investigations*  showed  that  the  extraction  of  selen¬ 
ium  into  the  solution  When  leaching  the  slimes  with  Na2S 
solutions  does  not  exceed  27. Q  percent,  whereas  if  the  leach¬ 
ing  is  done  with  Na2S0o  solutions  then  that  extraction  rises 
and  ranges  from  40  to  percent.  It  was  impossible  to 
establish  the  precise  parameters  of  the  optimal  regime,  be- 

*Experiments  conducted  by  S.  L.  Kabul*  nlkova 
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cause  the  solutions  were  unstable  and  the  results,  unreproduc-' 
ible. 

Lead  sulfate  is  the  principal  component  of  the  in¬ 
vestigated  slime.  Uhen  PbSOi|.  is  leached  with.NaOl  solutions, 
lead  chloride  passes  into  the  solution.  The-  solubility  of 
lead  chloride  hinges  on  the  concentration  of  NaCl,  and. on 
Its  temperature  (Table  1), 

It  seemed  expedient  to  test  the  method  of  leaching 
limes  by  NaCl  solutions,  so  as  to  concentrate  selenium  in- - 
■che  leaching  residues.  In  addition,  mercury  concentrated ' in 
these  residues,  and  this  made  it  possible  to  obtain, a  mer¬ 
cury-selenium  concentrate. 

The  methods  of  investigation  consisted  in  that  10  to 
25  grams  of  washed  and  dried  slime  were  leached  in  a  flask 
;iri.th  a  stirrer  and  a  reflux  condenser  at  a  temperature  close 
to  boiling  point,  A  NaCl  solution  (290  grams/liter)  close  to 
saturation  point  was  used  in  every  case. 

The  leaching  experiments  were  intended  to  determine 
the  optimal  duration  of  leaching  and  the  optimal  liquid/  ’ 
solid  ratio  for  obtaining  the  maximally  selenium-  and  mer¬ 
cury-rich  concentrate,  and  to  establish,  as  well,  the  poss- 
.Ibillty  of  count er-ctirrent  leaching  (for  a  more  complete 
utilization  of  the  lixiviating  ability  of  solutions)  and 
regeneration  of  NaCl,  '  .> 

To  determine  the  optimal  duration  of  leaching,  25 
i^rams  of  slime  were  treated  with  150  milliliters  of  solution. 
After  leachlng-the  pulp  was  subjected  to  filtration  in  a  -• 
Buechner  funnel.  Ihe -residue  was  washed  with  25  milliliters 
of  water.  PbCl2  started  to  segregate  from  the  filtered  solu¬ 
tion  in  measure  with  its  cooling.  The  leaching  residue  was 
'.h?led  at  90-100®C  and  weighed.  Analyses  showed  absence  of 
Se  and  Hg  in  the  solutions..  ' 

The  results  of  the  experiments  are  summarized  in 
Table  2,  from  which  it -can  be-s6en  that  40  minutes  is  to 
be  regarded  as  the  optimal  duration  of  leaching,  because  any 
further  prolongation  of  leaching  does  not  result  in  an  ap- 
rireclable  increase  in  the  extraction  of  PbS04  into  the  solu¬ 
tion.  Subsequently,  all  experiments  were  conducted  at  a 
'.-O-mlnute  duration  of  leaching. 

To  establish  the  optimal  llquld/solld  ratio,  a  series 
of  experiments  using  a  NaCl  aolutlon  (220  milliliters  )^:was' 
conducted  for  various  initial  liquid/solid  ratios  ("liquid" 

Is  constructed  as  volume  of  solution  in  milliliters). 

AS  can  be  seen  from  the  cited  data  (Table  3),  the 
greatest  reduction  in  the  weight  of  slime  is  achieved  at  a 
liouid/solid  ratio  higher  than  20:1.  When  L/S  =  22,1 
/r/S  —  llquld/solld  ratlo/i  10  grams  of  slime  was  reduced 
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Table  1 

Solubility  of  PbOl ,  (gramB/liter*)  in  NaCl  Solutiora 
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The  Pe^ree  oi  Keductlon  oi’  V/  ;i/<ht  oi‘  Silme  as  si 
Frnc-^jon  oT  The  h/L’ 


V;eii;ht  of  Leaching  iitsiciud,  iii  grama 
.ivGichc  Gf  l^eacheci  Sulfave,  in  graius 


6,25  times  in  weight,  and  the  residue  contained  7*1  percent 
Se  and  4.3  percent  Hg,  1.  e.,  a  sufficiently  selenium-  and 
mercury-rich  concentrate  was  obtained.  A  reduction  in  the 
L/S  ratio  results  in  an  Increase  in  the .amount  of  the  sul¬ 
fate  passing  into  the  same  volume  of  solution.  For  Instance, 
when  L/S  =  10,  the  amount  of  sulfate  passing  into  the  solut¬ 
ion  is  38-39  percent  greater  than  when  l/s  =  20-22:1.  Con¬ 
sequently,  it  is  more  expedient  to  employ  coimter-current 
leaching  in  order  to  utilize  more  fully  the  dissolving 
ability  of  NaCl.  On  the  other  hand,  during  the  dissolution 
of  PbSOh,  SOfe’  and  Pb  ions  pass  into  the  solution.  Ob*- 
7iously,  if  we  utilize  the  considerable  decrease  in  the  sol¬ 
ubility  of  PbCl2  at  a  drop  in  temperature  and  precipitate 
it  after,  every  leaching  operation,  it  is  possible  to  use 
the  mother  liquor  for  secondary  leaching.  . 

To  clarify  the  pertinency  of  these  postulates,  ar  . 
series  of  experiments  in  counter-current,  leaching. was  con-, 
ducted.  After  preliminary  experiments,  the  triple  counter- 
current  mode  was  adopted.  Tlie  materials  used  in  the  primary 
leaching  were  fresh  slime  and  the  liquor  of  secondary  leach¬ 
ing;  the  materials  used  in  secondary  leaching  were  the  cake 
of  primary  leaching  and  the  liquor  of  tertiary  leaching;  the 
materials  used  in^ tertiary . leaching  were  fresh  NaCl  solution 
and  the  cake  of  secondary  leaching.  After  each  leaching  the 
liquor  was  filtered  and  the  cake  was  washed  with  25.milli-‘:: 
liters  of. water.  The  volume  of  the  leaching  liquor  amounted 
bo  25.0  milliliters,  and  the  initial  wei^t  of  the  slime  was 
40  grams.  The  filtered  solution  was  cooled  and  left  stand¬ 
ing  for  24  hours ,  After  the  separation  of  the  crystallizing 
PbClo, by. filtration,  the  solution  was  evaporated  to  the 
volume  of  250  milliliters  and  re-used  for  the  next  stage  of 
leaching,  >  -  ■  .  ,  ;  . 

As  a  result  of  such  a  triple  counter-current  mode, 
and  because  of  the  crystallization  of  PbCl2j  it  is  possible 
to  use  one  and  the  same  solution.  to  leach  additionally 
flnite  amoimt  of  sulfate  from  the  slime.  As  can  be  seen 
from  Table  4,. when  triple  leaching  based  on  the  counter-  _ 
current  principle  was  applied  with  250  milliliters  of  solut¬ 
ion  to  40  grams  of  suspension,  20,9  gramas  of  PbS04  were  . 
passed  into  the  solution,  whereas  during  single  leaching  . 
only  14,8.  grams-  of  Pb§04.  are  passed  from  the  same  amount  of 
suspension  to  ..the  same  volume  of  solution.  Thus,  during; 
triple  leaching  the  degree  of  extraction  Increases  by  41.2 
oercent.  Here  also,  however,  the  consumption  of  NaCl  remains 
rather  high.  Unless  the  NaCl  is  regenerated,  this  process 
lacks  the  promise  of  economicallty. 

The  dissolving  ability,  of  the  NaCl  solution  decreases 
mainly  because  of  the  sulfate  ion,  and  therefore  it  is  ex-^  , 
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expedient  to  precipitate  that  ion,  e.  g.,  by  calcium  chloride. 

The  experiments  were  conducted  in  the  following  manner. 
A  10-gram  suspension  of  slime  was  treated  with  220  milliliters 
of  NaCl  solution.  The  leaching  residue  was  filtered >  washed 
with  20  milliliters  of  water,  and  the  solution  was  stored  for 
24  hours  to  crystallize  PbCl2;  after  the  separation  of  PbClo 
T:he  solution  was  evaporated  until  its  volume  shrank  to  220 
rdllillters,  and  CaS04  was  precipitated  from  it,  during  boll- 
'.ng,  with  a  CaClp  solution  concentration:  209  grams/liter.' 
After  the  filtration  of  CaSO^  the  liquor  was  re-used  for  the 
next  stage  of  leaching,  A  fresh  portion  of  10  grams  of  slime 
was  used  in  every  leaching  stage  or  operation. 

The  first  series  of  experiments  in  this  cycle  showed 
that  the  amount  of  the  precipitant  should  not  be  greater  than 
r^equired  by  stoichiometry,  because  otherwise  the  excess  cal- 
cliim  ions  remaining  in  the  solution  precipitate  during  the 
next  leaching  stage  or  operation  and  downgrade  the  leaching 
Jake.  This  circumstance  was  taken  into  account  when  con¬ 
ducting  the  subsequent  experiments,  whose  results,  (Table  5) 
indicate  that  the  content  of  lead  remains  within  the  limits 
ostabllshed  during  the  first  series  of  experiments  (except 
for  experiment  No,  2),  and  that  the  cake  is  downgraded  main¬ 
ly  by  the  CaS04  precipitating  during  the  leaching. 

The  solubility  of  CaS04  in  hot  water  is  0.5  gram/ 

Uteri  and  consequently  it  might  be  assumed' that  it  should 
precipitate  nearly  completely  from  the  solution.  However, 

In  our  experiments,  less  than  half  of  the  calcium  sulfate 
precipitated  a  major  part  of  that  sulfate  had  remained  Itt" 
the  solution  and,  upon  the  next  leaching,  at  an  increase  in 
oulfate-lon  concentration,  it  precipitated  and  thus  down¬ 
graded  the  cake. 

It  might  be  assumed  that  an  equilibrium  was  not  -  •  - ’ 
..••eached  (the  precipitation  was  conducted  for  20  minutes), 
and  thus  CaSOA  did  not  precipitate  completely.  This  assumpt¬ 
ion  was  tested  during  the  next  series  of  experiments,  which 
was  conducted  by  somewhat  different  methods:  to  wit,  the 
sulfate  was  precipitated  not  separately  but  Jointly  with 
7bCl2.  For  this  purpose,  CaClp  was  Introduced,  before  the 
orystalllzatlon  of  lead,  and  the  pulp  was  bolled'for  30  min¬ 
utes  and  left  standing  for  24  hours.  Di  this  connection  it 
V, as  assumed  that  the  formation  of  PbClp- crystals  will  be  • 
conducive  to  a  more  complete  precipitation  of  -  CaS04.  The  re- 
.0ults  of  this  series  of  experiments  did  not  corroborate  the 
above-mentioned  assuiiQjtion, 

It  follows  from  the  foregoing  that  the  regeneration  ^ 
of  NaCl  by  means  of  CaCl2  is  in  principle  feasible  but  the 
use  of  such  regenerated  solutions  for  leaching  yields  a  con¬ 
centrate  that  is  downgraded  (diluted)  by  calcium  sulfate,  b?- 
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Data  on  the  Leaching  of  Clime 3  by  Regenerated  NeCl  Solution!^> 
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cause  of  the  comparatively  high  solubility  of  CaS04  in  chlor- 
idle  solutions. 

Investigations  of  the  flotation  of  selenium  from  sul¬ 
furic-acid  slimes  were  conducted  by  Professors  S.  P,  Alek¬ 
sandrov  and  P.  N.  Belash  (Blbl.  4),  They  established  that 
the  use  of  kerosene  and  aldol  as  reagents  yields  a  35-37 
percent  Se  slime  concentrate  from  comparatively  selenium- 
poor  (three  or  four  percent  Se)  slimes.  Moreover,  there  ex¬ 
ists  a  Japanese  patent  (Blbl.  5)  recommending  the  use  of  pine 
oil  (Dyupon  B)  as  frothing  agent  and  sodium  dithiophosphate 
as  promoter. 

Our  experiments  in  flotation  were  conducted  both  with 
and  without  reagents.  Inasmuch  as  organic  compounds  were 
found  to  be  present  in  the  slime.  The  experiments  were  con¬ 
ducted  in  a  flotation  machine  with  a  capacity  of  200  milli¬ 
liters,  at  a  L/S  ratio  of  4.5 ;1  and  at  a  stirring  time  of 
10  minutes.  During  the  drying  of  the  washed  slime,  as  noted 
before,  the  red  selenium  changes  over  to  the  gray  modificat¬ 
ion.  The  results  of  the  experiments  with  the  flotation  of 
gray  selenium  from  dried  slime  proved  to  be  unsatisfactory. 

In  the  course  of  studies  of  the  raw  slime  (in  which 
selenium  is  present  in  the  form  of  red  modification),  the  in¬ 
vestigations  were  centered  on  the  duration  of  flotation  at  a 
pulp  pH  of  about  2.6  and  at  18®C,  without  the  addition  of 
flotation  reagents.  In  all  experiments  the  weight  of  the 
"lime  suspension  amounted  to  45,2  grams.  The  results  of 
ihese  experiments  are  presented  in  Table  6. 

Table  6 


Results  of  the  Flotation  of  Selenium  Without  Reagents 


No.  of 
Experi¬ 
ment 

Duration 
of  Flota¬ 
tion  in 
minutes 

i 

Weight 
of  Con¬ 
centrate 
in  grams 

. 

i  Weight 
of  Tail¬ 
ings  in 
grams 

Se  Con¬ 
tent  in 
Concen¬ 
trate, 
in  per¬ 
cent 

Se  Con¬ 
tent  in 
Tailings 
in  per¬ 
cent 

Rec. 
overy 
of  .33 
in 

per¬ 

cent 

1 

30 

1.2 

36.1 

16.8 

0.49 

37.0 

2 

40 

2.5 

35.1 

16.9 

0.16 

77.0 

3 

50 

2.8 

35.5 

.  1 

17.0 

i 

0.l4 

87.0 

This  was  followed  by  a  series  of  experiments  in  which 
sodium  dithiophosphate  (aerofloat)  was  added  to  the  pulp. 
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The  optimal  consumption  of  that  reagent  vai’les  from  220 
to  2?0  grauip/tonj  an  increase  in  Its  consumption  to  350 
graias/ton  reduces  the  yield  of  the  concentrate  and  re* 
duces  its  ccntont  of  selenium. 

The  experiments  with  the  flotation  of  selenium 
hy  dithi ©phosphate  (24c  grams/ton)  were  conducted  at 
PH*2.4.  Tl^eir  results  (Tahle  7)  indicate  that  the  pro¬ 
longation  of  flotation  to  more  than  40  minutes  in- 
*  creases  the  yierd  of  the  concentrate  but  downgrades  it, 
because  this  does  nor  increase  the  recovery  of  selen¬ 
ium  into  the  concentrate. 

Table  7 


Results  of  tho  Flotation  cf  Selenium  v;ltli  an  Aerofloat 
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As  for  the  experimonts  to  determine  the  effect  of 
acidity  of  the  medium,  these  were  conducted  at  a  flotat¬ 
ion  time  of  30  -JoJ nates,  and  they  showed  chat  when  the 
pK  value  exceeds  3  then  the  recovery  of  selenium  into 
the  concentrate  drops  by  one-half. 

It  was  established  that  raercurj’”  also  passes  into 
concentrate,  together  with  selenium.  At  a  Se  content 
of  16-21  percent  in:  the  concentrates,  the  Hg  content 
varied  correspondingly  within  the  limits  of  10-13.5  per¬ 
cent. 

The  slimes  in  which  selenium  v/as  present  in  the 
form  of  the  gray  modification  were  sub  ejected  to  experi¬ 
ments.  Tljese  e::perlnents  dealt  with  a  50-sram  slime ' 
suspension  at  a  time,  at  l/S  =  4;l  and  at  room  tempera¬ 
ture  (Table  8), 

Table  9  cites  the  results  of  the  effect  of  an 
aerofloat  at  a  leaching  time  of  3C  minutes. 

As  can  be  seen  from  the  data  cited,  the  gray 
selenium  from  these  slimes  is  poorly  floated,  and  its 
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Table  8 


Results  Oi  the  Flotation  of  Gray  Selenium  Without 
Flotation  Reagenu 


Duration 

of 

Flotation 
in  minutes 

Weight  of 
Concentr¬ 
ate  in 
grams 

Se  Content  in. 
Concentrate,  i 
in  percent  ! 

i 

Recovery  of 

Se,  in 
percent 

'  ^ 

«  1.  .  _j  ,1  «!.•  miM-lM  _p--i 

fO 

0.40 

t  -  ,  ■■  ■  •: 

i  11.79  1 

'  9.4 

20  1 

0,55 

i  12^05 

1^26 

30  1 

0,65 

11,78 

160 

40 

l.tX) 

12,3  ; 

24.6 

SO  1 

1.70 

1.0? 

10.0 

tip 

1 

f  : 

Table  9 

Helationship  Between  Recovoi*y  of  Gray  Selenium  into 
Concentrate  and  the  Consumption  of  Aerofioafc 

ConsumptlonT  Weight  of  ■  Se  Content  Recovery  of 
of  Reagent  j  Concentr-  'in  Concent-'  Se,  in 

per  ten  of  |  ate  in  ■'  rate  in  :  percent 

Slime,  in  ;  grams  percent  , 

grams 


too 

ZS5 

6.9  \ 

$.46'  , 

35,20 

150 

36.36 

v;  200 

■  94  - 

37,1 

290  . 

Z05 

2.5 

.  as .  .1 . . 

3^0 

-  -  -Jgo- 

! 

3,5 

3,0  : 

. 

22i8 

content  In  the  concentrate  vatries  from  five  to  12  per-., 
cent,  ,  and  its  recovery  into  the  concentrate  does  not 
exceed  35-37  percent.  The  poor  float ability  of  gray 
selenium,  which  we  had  noted  before,  may  possibly  be 
attributed  to  the  circumstance  that  amorphous  red  selen¬ 
ium  has  a  larger  specific  surface  than  gray  selenium. 


Conclusions 


1.  Studies  of  the  leaching  of  selehliom  from  low- 
grade  sulfuric -acid  slimes  containing  1.10  percent  Se  and 
0,7. percent  Hg  by  solutions  of  sodium  sulfide  and  sulfite 
have  shown  that  this  method  cannot  be  recommended.  In  view 
of  the  low  degree  of  Its  recovery  of  selenium  Into  the  solu¬ 
tion  and  Its  high  consimiptlon  of  dissolving  reagents. 

2.  Studies  of  the  obtalriment  of  mercury-selenium. con 
centrate  by  leaching  PbS04  from  slimes  by  sodium  chloride 
solutions  have  shown  that  this  method  can  be  used  to  obtain 
concentrates  containing  seven  percent  Se  and  four  percent 
Hg,  and  It  ensures  a  complete  recovery  of  these  metals  Into 
the  concentrate;  however,  the  practical  application  of  this 
luethod  would  not  be  easy  In  view  of  Its  high  consumption  of 
sodium  chloride  and  the  difficulties  In  regenerating  that 
reagent. 

3.  Experiments  with  the  flotation  of  selenium  from 
slimes  showed  that  selenium,  probably  because  of  the  pre¬ 
sence  of  organic  compounds  In  the  slimes,  can  be  floated 
without  using  flotation  agents;  however,  the  addition  of  an 
aerofloat  Improves  the  flotation  conditions  somewhat.  In 
the  concentrates,  the  Se  content  varies  from  16  to  21  per¬ 
cent,  and  the  Hg  content,  from  10  to  13.5  percent. 

4.  The  optimal  conditions  for  flotation  are:  pH  =  2 
(not  over  3)*  40  to  50  minutes  (30  to  40  minutes  on  Intro¬ 
ducing,  Into  the  pulp,  an  aerofloat  In  the  amount  of  220-250 
grams/ton  of  slime),  and  L/S  =  3-5. 

5.  Red  selenium  Is  more  easily  floated  than  gray, 
which  may  possibly  be  explained  by  the  greater  specific  sur¬ 
face  of  the  amorphous  red  selenlxmi;  therefore.  In  sulfuric - 
acid  plants  It  Is  necessary  to  avoid  conditions  under  which 
red  selenium  changes  over  to  gray  selenium. 

6.  The  retreatment  of  the  obtained  slime  concentr¬ 
ates  of  flotation  so  as  to  extract  from  them  selenium  and 
mercury  presents  no  special  difficulties:  such  concentrates 
are  blended  with  soda  ash  and  calcined  for  several  hours  at 
a  temperature  of  about  700®C;  In  this  connection,  the  mer¬ 
cury  Is  driven  off  and  trapped  In  the  condensers,  the  cal¬ 
cining  residue  Is  leached  with  water,  and  the  selenium 
passes  Into  soda  solutions  from  which  It  Is  precipitated 
by  the  conventional  method  of  reduction  with  sulfur  dioxide 
after  acidification  of  the  solution. 
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Obtaining  Tellurous  Concentrate  from  the  Melts  of 


following  Is  a  translation  of  an  article  writ¬ 
ten  by  V.  S.  Lovchikov  and  B.  M.  Llpshltz  In 
Izvestiya  Vysshikh  Uchebnykh  Zavedeniy.  Tsvet- 
naya  Metallurglya  (News  of  Higher  Educational 
Institutions,  Nonferrous  Metallur^),  No.  6, 
June  1959i  pages  93-98;  CSO:  3001-N/7  (12)^7 


During  the  alkali  refining  of  lead  so  as  to  eliminate 
arsenic,  tin  and  antimony,  a  part  of  the  tellurium  passes  In¬ 
to  the  melts.  At  the  Chimkent  Lead  Plant  the  content  of.  , 
tellurium  in  melts  reaches  0,3^  percent  (Blbl,  1).  The  hydro 
netallurglcal  retreatment  of  alkali  melts  Is  accompanied  by 
the  distribution  of  tellurium  among  all  products,  as  attested 
by  the  data  that  we  obtained  (Table  1 ) , 

Table  1 

Content  of  Tellurium  In  Products  of  the  Retreatment 
of  the  Melts  of  the  Alkali  Refining  of  Lead 


Content  of  Recovery  of  Tellu- 

Tellurlum  rlum  Into  Products 

Product  of  the  Retreatraent 

of  100  tons  of 
Melts,  In  kg 

Alkali  Solution  of  Pulp  Ob¬ 
tained  During  Granulation  0,11-0.75  18.6-135 

of  Melts  grams/liter 

Solution  After  Repulping  of  0,07-0,05 

Bulk  Cake  ,  ,  grams/liter  ,,  12.8-91,5  -r 

Condensate  from  "Rapid"  i" 

Apparatuses  none  — 

Condensate  from  Evaporating  i  .  u 

Vats  none 

Codium  Antlmonate  0,26-0.42^  92.6-149,5 

Calcium  Stannato  0.11^  0.3 

Calcium  Arsenate*  0.22^ 

Metallic  Antimony  0,68-0.3.  11,6-43,3 

Slag  of  the  Reduction  Smelt- 

Ing  of  Sodium  Antimonate  0,39-1 *08^  54.6-142,2 

^At  another  domestic  plant  the  content  of  tellurium  in  caloiir: 
arsenate  ranges  from  0.2  to  0,27  percent,  which  in  terms  cf 
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100  tons  of  retreated  melts  amounts  to  28.2  to  38. 1  kg  of  Te. 

The  presence  of  tellurium  in  alkali  solutions  stems 
from  the  solubility  of  telluric  and  tellurous  acids  In  sodium 
salts  (Blbl.  2,  3)'.  The  presence  of  tellurium  In  sodium  antl- 
monate  and  calcium  stannate  Is  attributable  to  the  poor  sol¬ 
ubility  of  the  tellurites  of  magnesium,  barium  and  lead  In 
alkali  solutions  (Blbl.  4). 

The  data  in  Table  1  shows  that  tellurium  Is  contained 
.n  all  the  products  of  the  retreatment  of  melts  except  for 
the  condensates  obtained  upon  evaporating  strong  alkali  solu¬ 
tions  . 

The  alkali  solution  of  the  pulp  obtained  during  the 
granulation  of  melts  and  sodium  antlmonate  are  the  two  sub¬ 
stances  of  the  greatest  Interest  to  the  recovery  of  tellur¬ 
ium  from  melts.  The  tellurium  Isolated  from  that  alkali 
solution  will  pass  Into  bulk  cake  and  subsequently,  when 
certairt  conditions  are  observed.  It  will  remain  in  sodium 
antlmonate.  As  a  result,  the  other  products  of  the  retreat¬ 
ment  of  melts  will  not  contain  tellurium.* 

Isolation  of  Tellurium  from  the  Alkali  Solution 

of  the  Pulp  Obtained  During  the  Granulation  of 

Melts 

To  remove  tellurium  from  the  alkail  solution,  It  Is 
possible  to  use  the  eintlmony  obtained  from  the  reduction 
smelting  of  sodium  antlmonate.  Compared  with  tellurium, 
antimony  has  ah  electronegative  potential  (Blbl.  5,  6)  and 
It  cements  tellurium  from  the  solution.  In  this  connection, 
arsenic,  IS-  not  displaced  by  antimony,  because  It  forms  a 
stable  complex  Ion  AsOrf",  and  the  solution  lacks  any  other  " 
Ions  that  might  also  be  cemented  by  antimony. 

The  granulation  of  melts  Is  accompanied  by  the  forma¬ 
tion  of  strong  alkali  solutions  containing  about  26  percent:' 
NaOH.  The  Isolation  of  tellurium  from  these  solutions  was 
conducted  by  us  with  metallic  antimony  In  the  form  of  grains 
v.'ith  sizes  of  -1,2/0, 5  mm.  The  use  of  finely  ground  antim¬ 
ony  powder  does  not  yield  a  positive  effect  because  In  this 
case  the  oxidation  of  the  antimony  and  the  formation  of  sol¬ 
uble  sodium  antlmonltes  are  faster  than  the  process  of  the 
cementation  of  tellurium, 

Experiments  with  the  Isolation  of  tellurium  from  aiki 

all  solutions  were  conducted  Jji  a  glass  cylinder  with  a . 

*'Ihis  study  was  done  with  the  collaboration  of  M,  N.  Cheplk;, 
an  engineer  at  the  Ust • -Kamenogorsk  Lead-Zinc  combine. 
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mechanical  stirrer.  The  cylinder  was  filled  with  one  liter 
of  the  pulp  obtained  at  the  CSilmlcent  Lead  Plant  during  the 
granulation  of  an  alkali  melt  containing  0.3  percent  Te.  The 
liquid  phase  of  the  pulp  contained  1.1  grams  of  Te  per  liter. 
In  addition  to  tellurium,  selenium  (0,4  gram/liter)  was  de¬ 
tected  In  the  liquid  phase  of  the  pulp. 

The  pulp  was  heated  to  95®C,  the  stirrer  was  switched 
on,  and  then  five  grams  of  metallic  antimony  were  added. 

After  definite  time  Intervals,  samples  of  the  solution  were 
collected  for  chemical  analysis.  In  the  course  of  the  exper¬ 
iments  the  volume  and  temperature  of  the  pulp  were  maintained 
constant. 

The  averaged  data  on  the  experiments  are  presented 
in  the  graph  below.  After  an  eight-hour  cementation  the  con¬ 
tent  of  tellurium  In  the  solution,  declined  from  1,1  to  0.06 
gram/liter,  1.  e.,  94  percent  of  the  tellurium  had  passed 
over  to  the  solid  phase. 

In  contrast  with  tellurliam,  under  the  above  condit¬ 
ions,  selenium  Is  virtually  not  cemented  at  all  by  metallic 
antimony. 

Prom  solutions  containing  10-12  percent  NaOH,  tellur¬ 
ium  Is  satisfactorily  cemented  by  an  aggressive  antimony  pow¬ 
der,  When  the  amount  of  antimony  used  Is  of  a  weight  quad¬ 
ruple  to  the  weight  of  the  tellurium  In  the  solution,  the 
cementation  ends  within  20  minutes  and  nearly  all  of  the 
tellurium  Is  eliminated  from  the  solution.  A  double  amount 
of  antimony  by  weight  does  not  eliminate  all  tellurium  from 
the  solution,  and  Instead  It  yields  a  sponge  containing  up 
to  60  percent  Te. 

According  to  technical  requirements,  the  cake  obtained 
during  the  filtration  of  a  pulp  containing  a  strong  alkali 
solution  Is  to  be  repulped  with  water.  In  the  process  of 
repulplng  of  the  cake,  the  cemented  tellurium  again  changes 
over  to  the  liquid  phase  despite  the  presence  of  coarse¬ 
grained  metallic  antimony,  which  accoxmts  for  Its  dissolut¬ 
ion  In  alkali  solutions. 

In  order  to  obviate  the  dissolution  of  cemented  tell- 
•irlum,  the  pulp  obtained  from  the  repulplng  of  bulk  cake  was 
enriched  with  an  aggressive  metallic -antimony  powder  obtain¬ 
ed  by  the  following  method, 

Sodlimi  and  antlmonate  In  a  mutual  ratio  of  4:1  were 
charged  Into  an  aluminum  crucible,  stirred  until  the  format¬ 
ion  of  a  homogeneous  mass,  and  then  Inserted,  together  with 
the  crucible,  into  an  electric  furnace  and  heated  there  at 
300-400°C  until  brown  vapors  ceased  to  be  emitted.  OSie 
heated  mass  was  cooled,  crushed  in  a  mortar,  and  calcined 
at  550“600®C  for  20-30  minutes.  The  100  grams  of  sodium 
antlmonate  thus  treated  yield  75  grams  of  an  antimony  powder 
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ROUJTS 


xi?/ue  of  the  ,  ccmentr.tion  of 
'fciluriiyr.  Firom  a  strong  Al- 
!cali  Solution  by  Jlotallic 
Ancimon/ 


coniiainla:::  bS  7>ercs.nv  Sb. 

In  oha  oxcsrlmen-ca  v/ith  the  i*cpulping  of  bull, 
calce  .the  ponstu.iption  of  the  aixtimony  poifder  aTnounted 
to  five  gi'T'jno  pop  liter  of  pulp,  at  L/S  =  ?:1.  The 
pulp,  was  blended  vjith  the  antinony.  povrd.er  by  a  mech¬ 
anical  st.tirer  at  ^0^C  for  elx  hours .  whereupon  a 
.sample  of  the  solucion  was  coljuected  and  aixalysed 
■for  telluriuTi. 

The  results  of  the  experiments  showed  that,  in  , 
the  presence  of  the  antimony  powder  no  dlsscluoicn 
of,  the.  cemented  tellurium  Is  observed.  ..  Axl  teilur- 
lurti  ccncentrateo-  in  sodium  .an timonate.  The  cementa- , 
tlon  of  tellurium  by  z'ino  powder  •occurs  more  q^xlcXly, 
but  it., -is  net  expedient  to  use  x'inc,, powder  for  this 
purpose/  because  this  results  ..-.n  increasing  the  zinc. 
contont..in  the  antimonate.  and  .polluting  xfith' zinc 
the  alkali  solution. 


Isolation  of  Teilurltun  from  Sodiiiip..  Ant Imonate 


Sodium  antimonate  contains,  'tO  percent  Sb  and 
serves  as  a  raw  material  for . obtaining  metallic  anti 
mphy  and  for’  tne  side  recovery  of  telltirium. 
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The  best  results  In  obtaining  the  maximum  amount  of 
metallic  antimony  (approximately  90  percent)  are  provided  by 
smelting  a  charge  containing  80  percent  sodium  antimonate, 

10  percent  charcoal  and  10  percent  sodium  chloride. 

To  clarify  the  behavior  of  tellurium  during  the  re¬ 
duction  smelting  of  antimonate,  a  series  of  experiments  was 
carried  out  by  the  following  method.  The  charge  containing 
sodium  antimonate  (with  0.38  percent  Te),  charcoal,  and  10- 
percent  sodium  chloride  was  moisturized  to  eight  percent 
ilo),  stirred,  placed  In  an  alundum  crucible  and  melted  In  a 
gas  hearth  at  900°C, 

The  investigations  were  centered  on  the  effect  of 
charcoal  and  temperature  on  the  distribution  of  tellurium 
between  metallic  antimony  and  slag. 

The  results  of  the  experiments  (Table  2)  showed  that 
at  a  15 -percent  and  higher  content  of  charcoal  in  the 
charge,  the  amount  of  tellurium  in  the  metallic  antimony 
decreases  drastically  and  the  concentration  of  metallic 
sodium  Increases.  An  anlogous  picture  Is  observed  when  the 
degree  of  grinding  of  the  charcoal  Is  Increased. 

The  presence  of  sodlimi  In  the  antimony  Is  to  be  ex¬ 
plained  (Bibl,  7)  the  Interaction  between  the  soda  form¬ 
ing  during  the  melting  of  sodium  antimonate  and  the  carbon, 
according  to  the  following  reaction: 

NagCO^  /  2C  =  2Na  /  3C0. 

Sodium  forms  with  tellurium  Intermetalllc  compounds 
■laoTe,  NaoTep  and  NapTe,  the  last-named  of  which  remains 
stable  until  953°C  (Blbl,  8)  and  passes  Into  slag  during 
the  melting  of  the  charge.  It  Is  this  property  of  tellurium 
that  explains  also  the  decrease  In  Its  concentration  In  an¬ 
timony  with  Increasing  saturation  of  the  latter  by  metallic 
sodium. 

The  effect  of  temperature  on  the  Te  content  In  the 
antimony  obtained  from  the  melting  of  sodlimi  antimonate 
with  10  percent  of  charcoal  In  the  -0.2  mm  mesh  and  with 
.0  percent  NaCl  Is  Illustrated  In  Table  3>  from  which  It 
rollows  that  with  rising  temperature  the  content  of  tellur¬ 
ium  In  metallic  antimony  drops  until  only  traces  are  left 
at  950°C.  This  attests  to  a  virtually  total  passage  of  the 
'■/ellurlum  into  slag,  dust  and  gases.  Observations  of  the 
process  of  melting  of  the  charge  showed  a  very  feeble  forma¬ 
tion  of  vapors  of  metals  and  dust. 

When  such  a  process  is  industrially  Introduced,  it 
Is  recommended  that  the  tellurium  in  the  form  of  trapped 
dust  should  be  returned  to  the  melted  charge  of  sodlimi  anti¬ 
monate  so  as  to  ensure  a  more  complete  recovery  of  tellurl-n 
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Effect  of  Charcoal  on  the  Content  of  !Itellu4.’l\xiu  in  the  Ifet&llia\Aritimony 
Obtained  fi’cxa  the  Smelting  of  Sodium  Antlmonate 
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Table  3 


Effect  of  Melting  Teraperatiire  on  Te  Content  of  Antimony 


Temperature  In 

Oq 

Recovery  of 
Metallic 

Content, 

within  Antimony 

’,  In 

Antimony, 
in  ^ 

Te 

Na 

Pb 

As 

750 

850 

950 

90 

94 

92 

0.53 

0.48 

Traces 

None 

Traces 

0.25 

1.9 

2.11 

2.11 

0.8 

0.8 

0.7 

in  the  slag. 

Recovery  of  Tellurium  from  Slags 

Experiments  with  recovering  tellurium  from  slags  were 
conducted  In  the  following  manner.  A  glass  cylinder  was 
partly  filled  with  water  and  then  charged  with  250  grams  rf 
slag  containing  0.75  to  1*2  percent  Te  in  grains  of  -3  mi-. 
size.  The  resulting  pulp  was  stirred  for  two  hoiirs  at  90  C 
and  thereupon  filtered.  The  filtrate  was  analyzed  for  the 
content  of  Te,  NaoCO,,  NaOH,  and  NaCl.  The  solid  residue 
was  dried,  weighed  and  assayed  for  Te. 

The  obtained  re suit a. of  experiments  are  summarized 
In  Table  4,  from  which  it  Is  seen  that  within  the  Investig¬ 
ated  range  of  L/S  ratios  the  leaching  of  slag  with  hot  wa cei¬ 
ls  accompanied  by  a  virtually  total  passage  of  tellurium 
Into. solid  residue  In  which  Its  amount  exceed  three  percent. 
Such  a  product  can  serve  as  raw  material  for  obtaining  tell¬ 
urium.  Upon  the  cementation  of  the  latter  from  the  liquid 
phase  of  the  pulp  obtained  from  the  granulation  of  alkali 
melts,  the  content  of  tellurium  In  the  solid  residue  of 
leaching  will  be  higher,  '  ^ 

The  solution  obtained  from  the  leaching  of  slags 
contains  NaoCOo,  NaOH  and  NaCl.  The  re-treatment  of  the 
solid  resldues'^washed  on  the  filter  with  hot  water  does  not 
yield  solutions  containing  the  above-mentioned  compounds, 
which  attests  to  the  complete  recovery  of  these  compounds 
from  slags  during  their  primary  leaching. 

To  obtain  more  concentrated  solutions.  It  Is  expedient 
to  conduct-the  leaching  of  slag  at  a  L/S  ratio  of  1:3.  In 
this  case,  the  liquid  phase  wll.l  contain  44.7  percent  NapCO-, 
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Table  4 


Results  of  Experiments  In  Leaching  Slags  with  Hot  Water 


I  .  '  . . .  . T 


L/S 

r.atlo 

Amount  of  Solid 
Residue, 
in  percent 
by  weight  of  Slag 

Content  of  Te 

In  Solid  Residue 
In  percent 

In  Solution 

1:3 

25 

4.2 

Traces 

1:4 

24 

3.1 

None 

1:6 

i 

25 

3.4 

1 

tt 

i 

6.25  percent  NaOH,  8,5  percent  NaCl,  and  1.2  percent  Na2S.  • 
Such  a  solution,  after  it  is  cleaned  from  sulfur  by  a  lead- 
containing  alkali  reagent,  can  be  Included  into  the  scheme  of 
•:he  re  treatment  of  the  melts  of  the  alkali  refining  of  lead. 


Conclusions 


;1.  In  the  course  of  the  currently  practiced  hydro - 
'•etallurglcal  retreatment  of  the  melts  of  the, alkali  refin¬ 
ing  of  lead,  the  tellurium  is  distributed  among  all  the  re¬ 
sulting  products  except  for  the  condensates  of  evaporators, 
'jhe  principal  amount  of  the  tellurium  passes  Into  the  liquid 
phase  of  the  pulp  from  the  granulation  of  alkali  melts.  Into 
the  solution  from  the  repulplng  of  bulk  cake-,  and  Into  sod¬ 
ium  antlmonate. 

2,  From  the  liquid  phase  of  the  pulp  obtained  from 

the  granulation  of  the  melts  of  the  alkali  refining  of  lead. 
It  Is  expedient  to  cement  tellurium  by  metallic  antimony, 
because  this  simplifies  the  technology  of  Its  extraction - 
trom  the  melts  In  view  of  Its "virtually  total  passage  Into 
.odium  antlmonate.  -  . 

3,  The  distribution  of  tellurium  among  the  produbts 

of  the  reduction  smelting  of  sodium  antlmonate  hinges  on  the 
tonsxmptlon  of  charcoal,  degree  of  crushing  of  charcoal,  and 
■.•emperature .  * 

The  optimal  condition  for  passing  tellurium  Into  slag 
is  the  smelting  of  sodium  antlmonate  In  combination  with  10- 
15  percent  charcoal' In  the  *^0.2  mm  size  and  with  10  percent 
NaCl,  at  950°C,  when  tellurium  completely  concentrates  In 
the  slag  and  Is  no  longer  contained  In  metallic  antimony. 

4,  The  leaching  of  the  resulting  slags  with  vmter 


i?  by  the  forma tlcn  of  c 

viiioh  i^sses  all  the  tellurium.  The 


sojld  ref-ic:e.c  .Into 
aolld  residue  co:i\/:;’i;r:i 
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over  three  percent  Te  and  can  be  utilized  as  the  raw  material 
for  obtaining  tellurium.  The  cementation  of  tellurlura  from 
the  liquid  phase  of  the  pulp  obtained  from  the  granulation  of 
alkali  melts  will  make  It  possible  to  Increase  Its  content 
in  the  solid  residue  of  the  leaching  of  slags.  At  present, 
studies  of  the  recovery  of  tellurium  from  that  product  are 
in  progress,  and  their  results  will  be  published  later. 


Received  11  February  1959 
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4.  Recovery  of  Precious  Metals  by  Anlon-Pxchange  Resins  from 

- the  Waste  'anr~Processlr.g  Solutions  oi*~l?opper  aiectroiyclc 

Enterprises 


/following  is  a  translation  of  an  article  writ¬ 
ten  hy  A.  B.  Davankov,  V.  M.  Laufer,  S.  V. 
Pakltln,  L.  G.  Levian,  and  A.  I.  Chernobay  In 
Izvestlya  Vysshikli  Uchebnykh  Zavedenly.  Tsvet- 
naya  Metallurglya  (News  of  Higher  Educational 
Institutions.  Nonferrous  Metallurgy),  No.  6, 
June  59,  Pages  134-141;  CS0:3001-N/7  (13)^7 


One  of  comparatively  new  ranges  of  applications  of 
ionites  Is  the  hydroraetallurgy  of  nonferrous  and,  especially? 
precious  metals.  In  which  they  have  acquired  of  late  a  vital 
importance  as  an  effective  means  of  recovering  gold,  silver, 
platinum,  and  other  metals,  from  industrial  wastes  (Blbl.  1;« 
The  continued  and  broader  use  of  Ionites  will  make  It  pos¬ 
sible  to  reduce  substantially  the  losses  of  precious  metals 
In  the  liquid  wastes  and  discards  of  the  galvanic  shops  of 
Jev/elry  enterprises  (Blbl.  2),  refining  plants,  mints, 
mirror  and  photograohlc  film  plants,  powder-metallurgy  en¬ 
terprises  »  etc.  In  the  immediate  future  ionites  should 
find  a.pp.'J.cation  in  the  recovering  of  gold  and  other  prec¬ 
ious  me tils  from  cyanous  (Blbl.  5),  hydrochloric -acid  and 
lodlnic  solutions  (Blbl.  6),  and,  in  addition,  from  the  liq¬ 
uid  wastes  of  gold -recovering  enterprises,  ore  mines,  con¬ 
centrator  plants,  and  hydrometallurgical  shops.  An  attempt 
has  been  made  to  apply  ionites  in  recovering  gold  from  sea 
water  (Blbl .  7 ) . 

Ionites  may  be  of  special  Importance  to  the  copper- 
electrolysis  and  lead-zinc  plants,  where  they  can  be  used 
not  only  for  the  total  recovery  of  metals  from  v/aste  liquors 
but  also,  and  primarily,  for  removing  slimes  and  other  Im¬ 
purities  from  the  electrolytes,  which  ensures  a  normal  and 
stoppageless  performance  of  electrolytic  baths  and  a  qual¬ 
itatively  good  deposition  of  metals  on  cathodes. 

The  coagulation,  absorption  and  segregation  of  the 
suspended  particles  of  gold,  silver,  platinum,  and  other 
precious  metals,  from  aqueous  dispersions  by  means  of  ion- 
exchange  resins  has  for ’a  number  of  years  been  successfully 
employed  under  Industrial  conditions  In  the  Jewelry  enter¬ 
prises  of  the  USSR  (Blbl.  8). 

The  principle  of  the  coagulation  of  negatively  charged 
metal  particles  from  aqueous  dispersions  by  means  of  anion- 
exchange  resins  is  based  on  the  neutralization  of  these 
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charges  by  positive  charges  carried  by  nearly  stationa3?y  poly¬ 
valent  resin  cations. 

It  is  this  principle  that  was  utilized  in  the  present 
3tudy  which  was  Intended  to  Isolate  precious  metals  from  the 
waste  liquors  and  processing  solutions  of  an  Ural  copper 
electrolysis  plant.  At  that  plant,  precious  metals  are  en¬ 
countered  in  processing  solutions  basically  in  the  form  of 
suspensions  of  slime  whose  fine  particles  are  capable  of 
passing  through  very  dense  filters. 

Ihe  elimination  of  slimes  from  the  acid  solutions  of 
copper  sulfate  by  means  of  ionites  is  of  special  Importance 
In  Itself,  because  this  also  results  in  a  high  degree  of 
purification  of  the  sulfuric-acid  copper,  which  ensures  a 
longer  performance  of  electrolytic  baths  and  the  yield  of 
high-grade  copper. 

The  technical  characteristics  of  the  waste  liquors 
of  cuproelectrolytlc  solution  are  cited  in  Table  1,  from 
•which  it  can  be  seen  that  the  highest  content  of  gold  (47.2 
riilllgrams/m3)  and  silver  (510  milllgrams/m-^)  is  displayed 
by  the  waste  liquors  proceeding  for  cementation.  Qualitat¬ 
ive  tests  of  waste  liquors  and  processing  solutions  by  an 
acetic -acid  solution  of  benzidine  displayed  negative  results 
as  to  the  presence  of  ions  of  precious  metals,  which  attests 
'ohat  in  these  liquors  precious  metals  are  present  in  the 
form  of  metallic  suspensions. 

Coagulation-adsorption  methods  under  static  and 
dynamic  conditions  were  used  to  remove  these  suspensions. 

In  the  first  case,  500  milliliters  of  a  solution 
vrlth  pH  =  1. 5-2.0  were  treated,  while  intensively  stirred 
for  15  minutes,  with  anion-exchange  resins  N-0,  AN-1,  AN-9j 
AN-2P,  and  AN-2PG,  taken  in  the  amount  of  0.2  to  2.0  percent 
of  the  volume  of  the  treated  liquor.  After  it  was  allowed 
to  settle  and  clarify,  the  solution  was  decanted  and  the  ne;c’ 
portion  of  fresh  liquor  was  poured  into  the  reaction  vessel. 
j?hls  was  repeated  several  times,  in  which  connection  one  and 
the  same  amount  of  resin  was  used  to  treat  from  three  to  20 
liters  of  solution  as  depending  on  its  composition. 

During  the  first  experiments  the  tested  liquor  was 
divided  into  two  parts.  One  part  was  concentrated  by  evap¬ 
oration,  and  the  other  —  treated  with  anion-exchange  resin. 
i\n  assay  of  the  ash  residue  obtained  from  the  burning  of  the 
';'esln  and  the  dry  residue  obtained  from  the  concentration  of 
•’jhe  control  part  of  the  liquor  by  evaporation  established  in 
identical  content  of  precious  metals  in  both  these  residues. 
This  had  corroborated  a  virtually  total  recovery  of  Au  and 
Ag  from  the  tested  processing  liquors  under  static  condltioxis 
The  concentration  of  Cu,  HoSOh  and  pH  of  the  liquors  remainec'. 
virtually  unchanged  after  treatment  with  ionites. 
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Analyses  of  Wastes 


Analogous  results  were  obtained  when  conducting  exper¬ 
iments  under  dynamic  conditions,  1.  e.,  during  the  filtration 
of  processing  solutions  at  the  rate  of  15-25  milliliters/ 
rtLnute  through  a  glass  tube  with  a  30-inm  diameter  which  was 
previously  loaded  with  40  grams  of  AN-1  anion-exchange  resin 
in  carbonate  form. 

It  follows  from  the  results,  cited  in  Table  2,  that 
metallic  particles  of  gold  and  silver  are  completely  recover¬ 
ed  by  ionites  from  diluted  waste  liquors  proceeding  for 
cementation.  In  this  connection,  the  consumption  of  ion- 
exchange  resins  under  static  conditions  did  not  exceed  0,3- 
0.5  percent  of  the  volume  of  the  treated  liquor.  Similar 
results  with  regard  to  the  recovery  of  precious  metals  were 
obtained  when  treating  the  post-cementation  waste  liquors 
v;lth  pulveroid  wastes  of  N-0  resin  (see  Table  2). 

Special  interest  Is  merited  by  the  elimination  of 
mechanical  suspensions  (slimes)  from  the  liquors  of  the  sul¬ 
fate  shop.  The  related  utilization  of  the  coagulating  and 
adsorbing  abilities  of  solid  polyelectrolytes  insoluble  in 
vjater  and  In  organic  solvents,  i,  e,,  the  polyelectrolytes 
constituted  by  ion-exchange  resins,  is  of  major  interest 
both  in  practice  and  in  theory. 

In  accordance  with  the  technological  flow  scheme  ad¬ 
opted  at  the  copper  electrolysis  plant  at  which  the  tests 
were  conducted,  the  sulfate  shop  receives  liquors  from  the 
electrolysis  and  slime  shops.  The  technical  characterist- 
.'.cs  of  these  liquors,  as  determined  by  an  analysis  made  by 
central  plant  laboratory,  are  cited  in  Table  3 a  from  which 
it  follows  that  the  liquors  of  the  electrolysis  and  slime 
shops  contain  considerable  amounts  of  precious  metals  vdilch 
are  present  both  in  the  finished  products  of  the  sulfate  shov 
(copper  sulfate  and  copper-nickel  salts)  and  In  the  wastes 
^ent  to  the  copper  smelting  shop  or  to  other  copper  smelting 
plants . 

Commensurate  experiments  were  accordingly  conducted 
to  test  the  recovery  of  Ionites  of  the  gold  and  sliver  from 
the  liquors  richest  In  these  metals.  Such  liquors  are  prl- 
;:‘.arlly  constituted  by  the  processing  solutions  coming  from 
the  decopperlzers  of  the  slime  shop.  The  experiments  showed 
(Table  4)  that  the  treatment  of  these  solutions  by  anlon- 
(cxchange  results  in  a  rapid  and  complete  "desllming"  of  solu- 
‘rlons.  The  elimination  of  slime  (mechanical  ''impurities", 
^Including  noble  metals)  by  means  of  ion-exchange  resins 
yields  satisfactory  results  both  for  the  cooled  liquors  and 
for  the  liquors  heated  to  50^C,  It  should,  however,  be 
noted  that  certain  types  of  anion-exchange  resins  (AN-2FG 
and  AN-9)  proved  to  be  InsTifflciently  resistant  to  the  act¬ 
ion  of  hot  liquors.  When  acted  cn  by  acid  during  heating 
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■Table  3 


He&ul'cn  of  ail  Asaay  of  the  Content  cf  Gold  and  Silver 
in  Ten-Day  Samples  of  the  Liquors  of  the  Slime  and 
Electrolysis  Shops  for  the  ’^eriod  from  1  J‘anv.ar''r  to 

1  -Kay  1953  .  ^ - - 


Prom  Slime  Shop 


.  .. .  , . . Au  in  1 

■  in  . . 

mllli- 

milli-  1 

grams/ 

i^aics/  1 

'laso  ■ 

!  m 

IM6 

Wi 

«3 

m 

V%7Z 

KM 

10169 

Liquor 


From  Elect 

roly sis  Shop 

Au  iii  i 

i  Ag  in  . 

milli-  1 

milli- 

grams/  1 

grrjiiS,/ 

■ 

PSC  <  j 

10 

sac 

ii6 

MS 

30 

2X0  ; 

\0 

M5  -  1 

I3C 

i  ■ 

they  became  subject  to  hydrolytic  dissociation  (de¬ 
struction)  , 

AtteinptB  at  pur-tiyln^  v.'lth  ionites  tnc  strong¬ 
ly  acid  solutions  sent  tc  neutralization  from  the 
electrolysis  shop  proved  to  be  uuisuccos&ful  because 
of  the  hlgii  concentration  of  sulfuric  acid  (2C0 
grams/liter)  In  the  solution  (Table  5).  For  this 
purpose  it  is  necessary  to  use  ionites  that  are  re¬ 
sistant  to  the  effect  of  strong  acids. 

Major  complications  vrere  also  encountered 
vihen  treating  with  anlon-exchango  resins  the  neut¬ 
ralized  solutions  yielded  by  oxidizers.  Even  a 
slight  cooling  of  these  solutions,  with  their  high 
content  of  CuSO'i,  led  to  the  precipitation  of  cry¬ 
stals  of  copper  sulfate  and  consequently  to  their 
losses  V7hen  separating  the  solution  from  the  resin 
residue  during  filtration  (see  Table  5). 

Industrial  tests  of  the  results  of  the  labor¬ 
atory  study  yielded  positive  results.  Upon  the  x"il- 
tration  of  500  liters  of  waste  processing  liquors 
through  a  vinyl  plastic  column  filled  \ilth  the  N-C 
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Table  4 


Results  of  the  Recovery  of  Precious  Metals  by  Anion-Exchange 
Resins  from  the  Processing  Solutions  of  the  Plant's 
Slime  and  Electrolysis  Shops 


Content  in  Initial  Solution 

Volume  0.: 
Resin- 

Cu  H2SO4 

AU 

Ag 

Treatec 

grams/liter  grams/liter 

mini-  - 

mini-  ^ 

Initial 

grams/m-^ 

grams/m'^ 

Solution 

in  liters 

55.4 

20,27 

486 

9322 

4.50 

42.57 

18.27 

779 

5776 

4.5c 

26.30 

25.60 

561 

8510 

4.90 

59.28 

50.47 

1616 

17990 

12.0 

57.21 

39.37 

400 

6600 

4.0 

32.12 

21.42 

408 

8000 

6.0 

57.21 

57.21 

39.37 

39.37 

492 

500 

7436 

8500 

5-2 

3.8c 

62.0 

45.2 

486 

10720 

5.0 

"O  ^  2 

486 

10720 

5.0 

6  ■  r,  . 

f  *  ^ 

t  V 

328 

5364 

5.C 

65 . 

52.0 

4l6 

6144 

5.0 

Continued  on  Page  yff 
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Continued  from  page  367’ 


Type  of  Anion- 
Exchange 
Resin 


consumption 
of  Anion- 
Exchange  Resin 
for  Treatment 
of  Solution 
grams  ^  or  volume 
of  solution 


Weight  of  Ash 
Residue  of  the 
Burning  of 
Resin,  grams 


i;-0  (Pulver- 
old  Wastes) 

11 


■-0 


N-9 


It 

(Granular 


AN-1 

y'.N-2FG 

.AN-2P 

a:j-2fg 


AN-1 


30 

40 

40 

35 


10 

60 

4o 

60 

40 

60 

40 


0.75 

0.9 

0.8 

0.3 

0.25 

0.4 

1.2 

1.0 

1.2 

0.8 

1.2 

0.8 


4.0 

0.7 

1-5 

16.0 

8.0 

2.5 

11.0 


5.5 

6,0 

4.0 


To 


Continued  on  Page  3^ 
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granular  anion-exchange  resin,  no  gold  or  silver  was  detected 
In  the  filtrate.  The  liquor  subjected  to  filtrate  contained. 
In  suspended  state,  three  milligrams  of  Au  per  and  510 
milligrams  of  Ag  per  m-^,  and  the  solution  contained  1.02 
grams  CUSO4  per  liter  and  0.77  gram  HoSOii  per  liter;  the 
rate  of  filtration  was  30  liters  per  hour. 

Analogous  results  were  also  obtained  under  static  con¬ 
ditions  during  the  processing  of  1.8  m3  of  a  copper  electro¬ 
lyte  containing  29.84  grams  Cu  and  128.32  grams  H2S02i  per 
liter  and  "polluted"  with  a  large  amount  of  slime.  After 
three -hour  treatment  of  the  solution  with  pulverold  N-0 
resin  taken  In  the  amount  of  0.4l  percent  of  the  volume  of 
electrolyte  (7.4  kg)  and  upon  vigorous  aero-stlrrlng  of  the 
filtrate  no  gold  or  silver  was  found  In  the  filtrate. 

The  filtration  of  the  solution  was  conducted  on  a 
Nutsch  filter  at  the  rate  of  1.5  m3/hour.  The  filtrate  was 
completely  transparent,  displaying  no  signs  of  opalescence, 
which  attested  to  the  complete  elimination  of  slime  and  a 
hl^  degree  of  the  removal  of  suspended  gold  and  silver 
particles  by  Ion-exchange  resins  from  the  electrolyte. 

Conclusions 

.ii^tablished  that  metallic  suspensions  or? 
gold  r  r?  completely  recovered  from  the  waste  rcid 

proc-  Swxutlon:;  of  copper-electrolysis  plants  by  anlon- 

exohiinge  resins. 

2.  In  view  of  the  Inconsiderable  content  of  slime 
In  the  waste  solutions  It  Is  expedient  to  recover  precious 
and  other  metals  from  these  solutions  by  the  continuous  pro- 
cediore  based  on  filtration  through  adsorption  columns  filled 
with  granular  anion-exchange  resins. 

3,.  Processing  solutions  with  a  high  slime  content 
which  are  rich  In  silver  and  gold  can  be  treated  under  static 
conditions  with  pulverold  wastes  of  anion-exchange  resins 
causing  aggregation,  coagulation  and  precipitation  of  metal¬ 
lic  particles  Into  the  sediment.  Then  the  electrolytic 
solutions  prove  to  be  very  extensively  purified  of  mechani¬ 
cal  suspensions  (slime). 

4,  To  purify  hot  solutions  with  a  high  content  of 
sulfuric  acid  (as  much  as  200  grams  per  liter)  and  copper 
sulfate.  It  Is  necessary  to  employ  chemically  stable  Ionites. 

Received  13  January  1959 


-  40  - 


Bibliography 


1.  Davankov,  A.  B.  and  Laufer,  V.  M.  "ZhPKh"  (Journal  of  Ap 

piled  Chemistry),  XXVIII,  952;  XXIX,  1029  (1956) 

2.  Davankov,  A.  B,  and  Laufer,  V.M.  "Peredovoy  Nauchno- 

Tekhnlcheskly  Opyt,  Tema  No.  13"  (Pace -Setting  Sclent 
If Ic -Technical  Experience,  Topic  No.  13),  6,  1957# 
Branch  of  All-Union  Institute  of  Scientific  and  Tech¬ 
nical  Information 

3.  Davankov,  A.  B.;  Laufer,  V.  M.;  Razgll'deyev,  N.  Ye. 

"ZhPKh,"  XXXI,  494  (1958) 

4.  Davankov,  A.  B.  and  Laufer,  V.  M.  "Tsvetnyye  Metally" 

(Nonferrous  Metals),  No.  5#  8l  (1958) 

5.  Plaksln,  I.  N.  "Metallurgy  of  Noble  Metals,"  Metallurglz 

dat,  1958 

6.  Yezerskaya,  N,  Ye.  and  Markova,  N,  V.  "ZhPKh,"  XXX,  107I 

(1957) 

7.  Davankov,  A.  B.  and  Laufer,  V.  M,  "Trudy  MKhTI"  (Works 

of  Moscow  Chemlcotechnologlcal  Institute),  Vol.  XXIII 
4123  (1956)  „ 

8.  Davankov,  A.  B.  and  Laufer,  V,  M.  Author's  Certificate 

No.  101986,  21  August  1954 


-  41  - 


5.  The  Bases  for  an  Economic  Evaluation  of  Mineral  Deposits 

In  a  Socialist  Economy 


following  Is  a  translation  of  an  article  writ¬ 
ten  by  S.  Ya.  Rachkovskly  In  Izvestlya  Vysshlkli 
Uchebnykh  Zavedenly.  Tsvetnaya  Metallurglya 
(News  of  Higher  Educational  Institutions.  Non- 
ferrous  Metallurgy),  No.  6,  June  1959^  pages 
185-19^;  CS0:3001-N/7  (14)^ 


The  21st  CPSU  Congress  stipulated  the  fundamental 
"oals  confronting  the  country  with  regard  to  the  building  of 
jhe  material -technical  base  of  Communism  and.  In  particular, 
providing  for  a  huge  Increase  In  the  extraction  and  process¬ 
ing  of  minerals.  This  requires  a  further  development  of  the 
.rork  on  the  prospecting  for  and  exploration  of  mineral  de¬ 
posits,  and  on  their  Industrial  exploitation,  both  In  the 
virgin  regions  of  the  country  and  In  the  existing  enter¬ 
prises., 

For  the  purpose  of  assuring  a  steady  growth  of  the 
.aatlori  :,!  economy  by  leans  of  raw-material  mineral  supplies 
■'The  -  '’ear  ^lan  -f  Development  of  the  National  Economy 
•v;;‘  t.  .  ii  .959  1965  provides  for  an  Increase  of  67  p.r- 

,ent  ..n  tne  over-all  voluiTie  of  geologic  prospecting  actlvlt- 
.'.es  and  for  a  1.7-  to  two-fold  expansion  In  the  Industrial 
oapacities  for  the  extraction  of  ores  for  ferrous  and  non- 
ferrous  metallurgy  (Bibl.  1). 

Prospecting  for  new  deposits  and  the  expansion  of  old 
ore  mines  and  construction  of  new  ones  usually  require  sub¬ 
stantial  funds  and  long  periods  of  time.  Because  of  the  u.-,- 
venewablllty  of  the  rained  mineral  resources,  a  considerable 
part  of  the  funds  Invested  In  mine  construction  cannot  be 
utilized  after  the  depletion  of  mines,  Iberefore,  a  pre- 
limlnai’y  evaluation  of  deposits  to  determine  the  effective¬ 
ness  of  their  detailed  exploration  and  mining  development  is 
jf  great  national-economic  Importance. 

As  a  result  of  the  large  scale  of  prospecting  and  ex¬ 
ploring  activities  and  their  successful  conduct,  our  coimtry 
at  present  occupies  the  leading  place  In  the  world  with  re¬ 
gard  to  various  types  of  mineral  raw  materials.  The  USSR  Is 
assured  with  raw  materials  for  obtaining  high-grade  steel, 
producing  lead,  zinc,  aluminum,  etc.,  which  are  better  than 
those  of  any  other  country  (Bibl.  2). 

Extensive  deposits  of  mineral  resources  have  been  ex¬ 
plored  In  all  regions  of  the  country,  ^e  large  number  of  t 
discovered  and  generally  surveyed  deposits  and  the  unfeaslbi 
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ity  and  inexpediency  of  a  concurrent  detailed  exploration 
and  development  of  them  all  add  particular  urgency  to  the 
problem  of  the  preliminary  evaluation  of  deposits.  Such  com¬ 
parative  evaluations  should  establish  which  deposits,  and  in 
what  order  of  sequence.  It  is  most  pertinent  to  explore  first 
and  to  start  construction  on.  In  order  to  satisfy  the  needs 
of  the  country's  national  economy  and  to  assure  Its  balanced 
development , 

Thus,  the  principal  purpose  of  the  evaluation  of  de¬ 
posits  In  a  Socialist  economy  Is  to  establish  the  national- 
economic  Importance  of  deposits  by  determining,  by  the  com¬ 
parison  method,  the  periods  and  priorities  for  their  detail¬ 
ed  development  and  Industrial  exploitation.  In  this  connect¬ 
ion  It  Is  necessary  to  consider  the  needs  of  the  national  ec¬ 
onomy  and  the  developmental  plans  for  both  Industry  as  a  whoj.o 
and  Individual  regions  of  deposits,  on  taking  Into  account  the 
technical  and  economic  indexes  characterizing  the  effective¬ 
ness  of  their  exploitation. 

For  a  comparative  evaluation  of  deposits  It  is  not 
enough  to  use  merely  the  geological  and  technical  data 
characterizing  these  deposits.  Geological  and  technical 
factors  may  affect  the  evaluation  of  a  deposit  In  diverse 
and  sometimes  contradictory  ways.  Thus,  e,  g.,  a  deposit 
may  be  known  to  contain  very  extensive  and  high-grade  re¬ 
serves,  but  these  reserves  occur  under  unfavorable  condlt..o?..  i , 
!\s  a  result,  its  exploration  and  exploitation  may  prove  to  be 
less  effective  than  the  exploration  and  exploitation  of  othe^ 
deposits  whose  reserves  may  be  of  lower  quality  but  occur 
under  conditions  more  favorable  for  their  exploitation.  Cne 
proof  of  this  Is  the  successful  Industrial  exploitation  of 
the  low-grade  porphyry  ores  of  the  Kounrad  Deposit,  which 
ores  can  be  rained  by  open- strip  methods;  this  exploitation 
proceeds  at  a  more  forced  pace  than  the  exploitation  of  cer¬ 
tain  other  richer  ores  which  occur  at  greater  depths. 

An  economic  evaluation  of  deposits  makes  It  possible 
to  reduce  all  the  attendant  numerous  factors  to  more  general¬ 
ized  synthetic  Indexes  characterizing  the  national -economic 
effectiveness  of  exploitation  of  one  or  another  deposit. 

Criteria  of  Economic  Effectiveness  of  Deposits 

In  a  capitalist  economy  the  economic  evaluation  of 
deposits  Is  conducted  for  the  purpose  of  determining  the 
sales  price  of  the  ore  mine  or  deposit,  assessing  the  tax  to 
be  levied,  uncovering  the  prospects  for  profitability  when 
Issuing  stock -exchange  shares,  etc.  For  this  purpose,  the 
monetary  value  of  a  deposit  Is  determined  on  the  basis  of  the 
amount  and  rate  of  Income  (capitalist  profit).  In  the  United 
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istaves,  as  early  as  in  I887,  C-oskold  had  ofjTerea  the 
following  formula  aetermlning  the  monetary  value  of  a 
deposit  in  terms  of- the  symbols  atiggested  by  Baxter 
and  Parks  (Bibl.  5).  .  •.  i  J  . 


^'1 


.  :  where  "Vp  is  monetair/  value  of  the  ore  nine  at  the  --  .  .  ■ 
h  •  given  noir^nt,  in  dollars  ■  . 

:  A  is  nmo-nit  of  .yearly  income.  In  dollars  ' 
r  is  amortization  rate  of  the  iiine,  ensuring 
a  return  of  the  invested  fundn  at  the  moment 
.of  the  working  of  the  .deposit,  in  percent. 

.  r*  is  rate  of  risk  (rate  of  income),  in  percent 
p  is  number  of  y8.ars  of  exploitation  of  the  . 
deposit.  ■  J-.. 

.  Analogous  methods  wei'e.  used  by  K..  L.,  Po2h.arit*?hv, 

skly  -(Bibl,  4)  to  propoee  an  economic  oveluatlon  of  .  u'.  - 
.d.epositp  .in  a  sooielist  econo^.  Although  K.  .L,  on 
Vo7-haritskly  proposes  the  use  of  a  . single  rate  instead 
''*0  different  rates  for  amortization  and  for  risK 
;  1»>  Ppzharitskiy  uses  Oookold  ’s  formiula;  as  altered 

by  Markill  ;/Eibi ,  ^7) ‘  fundamentally  this  does  not 
•■(Change  .anything., 

;  :  J<et  us  assume  that  wo  have  explored  two , depos¬ 
its,  Ch.e  extent  of  the  extractibie  reserves  of  the  ■; 
•first  deposit  is  five  million  tons,  and  that  of  the  f 
.  second,  23  million  tons.,  'fhe  value  of  components  re-  - 
coverable  from  one  ton  of  oi’e  Is  identical  for  both 
deposits,  but  the  operating  expenditures  at  the  first.c 
_.  deposits  are  five  rubles  lower  per  ton,  so  that  its 
exploitation  will  yield  an.  income  of  25  million  rubles., 
_ri.cAv  .the  other  deposit;  the  value  of  the  recoverable  com-  ; 
jR/onejits.  is  .oomaensurate  with  operating  expenditures, 
liJhen  both  deposits  are  evaluatad  on  tlie  basis  of  in¬ 
come,;  the  second  deposit  is  of  no  value.  And  yet,  as 
depending  on  the  raw  materials  balance  and  on  the 
needs,  of  the  national  economy,  the  larger  reserves, 
^region  of ; site  and  other  aspects  of  the  second  deposit 
•may  make  it  of  greater  "value  to  the  national  economy/  V-- 
•  than  the  i^irst  deposit-, .  . 

The  profitableness  of  individual  enterprises  and 
•branches  in  a  Socialist  economy  is  of  great  importance. 


On  the  v>-hole,  a  Socialist  economy  Is  a  hlgnly  profitable  one. 
However,  It  would  be  Incorrect  to  substruct  the  economic  eval¬ 
uation  of  a  deposit  on  the  basis  of  its  profitableness  alone. 
When  a  country *s  balance  of  a  given  metal  is  tight,  it  is 
quite  possible  (and  this  occurs  in  practice)  to  assign  adrj. 
ditional  solid  assets  and  manpower  to  obtain  the  metal  needed 
by  the  country. 

In  the  conditions  of  a  Socialist  economy  the  comparat¬ 
ive  evaluation  of  the  economic  effectiveness  of  a  detailed, 
exploration  or  exploitation  of  a  deposit  should  be  made  on 
taking  into  account  the  decisions  of  the  15th  Party  Congress, 
which  pointed  to  the  need  for  basing  the  allocation  of  capit¬ 
al  Investments  on  the  plan  of  the  most  relevant  development 
of  the  Nation's  economy  as  a  whole  upon  the  consideration  Qf 
regional  features  (Bibl.  6),  and,  moreover,  on  the  decisions 
of  the  21st  CPSU  Congress,  which  pointed  out  the  primary  Im¬ 
portance  of  the  most  effective  orientation  of  capital  invest¬ 
ments,  to  wit,  the  enlargement  of  production  capacities  and 
increase  in  industrial  output  with  the  least  expenditures  an'^" 
in  the  shortest  possible  time,  coupled  with  a  drastic  lncrea.;e 
in  labor  productivity  and  cutting  of  production  costs  (Bibl.  .1 
.  Let  us  consider  the  significance  of  these  directives  to 
the  ecbnomic  evaluation  of  the  effectiveness  and  determination 
of  the  order  of  sequence  of  exploitation  of  individual  depos 
its.  .  . 

Interests  of  the  Natlo:^!  Economy  as  a  Whole .  A  Socr 
ialist  national  economy  constitutes  an  economic-  organism  .  ^ 
evolving  on  the  basis  of  expanded  reproduction,  for  which 
purpose  it  is  necessary  to  ensure  the  proper  relationships 
and  proportions  in  the  development  of  individual  branches  of 
production.  Proceeding  from  the  goalanced  development  qf  .:^: 
the  national  economy,  the  Socialist  State  is  interested, in. 
the  production  of  a  definite  volume  and  variety  of  output. 

'Phis  signifies  that  the  exploitation  of  deposits  should  be 
— inlttated  according  to  ah  order,  of  sequence  which  would  en¬ 
sure  the  Sktisf  action  of  the  needs  of  the  national  economy  , 
:vlthih  fixed  deadlines.  ‘ 

,,  If  the  national  economy  requires,  e.'  g.,  an  increase 
in  lead  output,  it  would  be  incorrect  to  expand  only  the  ex¬ 
traction  of  copper  and  zinc,  even  if  their  production  is  more 
profitable,  because  in  a  Socialist  economy  the  division  of  ,, 
labor  "and  means  ^f  production  among  the  individual  branches 
is  regulated  not  oy  the  law  of  value  but  by  the  needs  of  the 
national  economy,  by  the  interests  of  the  country  as  a  vdiole. 

Therefore  a  comparative  evaluation  to  determine  the 
sequence  of  exploring  activities  or  of  exploitation  of  depos¬ 
its  may  apply  only  to  a.  specific  metal  or  to  metals  that  are 
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mutual  substitutes. 

-  Regional  Features  of  the  Location  of  Deposits.  Tb^ 
region  of  location  ot  a  given  aeposit  is  oi'  very  gre"at  Itor. 
portance  to  the  evaluation  of  the  effectiveness  of  the  ex-"" 
ploratlon  or  exploitation  of  the  deposit. 

A  deposit  containing  rich  ores  but  located  under  xin- 
favorable  transport  and  economic  conditions  may  prove  to  be 
less  effective  than  a  deposit  containing  poor  ores  but  lo¬ 
cated  under  more  favorable  conditions. 

Certain  metallurgical  plants  In  our  country  are  hdt!^ 
adequately  assured  with  raw-material  resources  In  their 
vicinity.  The  discovery  and  exploitation  of  deposits  in  “ 
the  regions  of  these  plants  Is  of  major  national -economic  ' 
Importance  and  may  prove  to  be  more  beneficial  to  the  nat¬ 
ional  economy  —  even  at  relatively  less  favorable  technl-, 
cal  and  economic  Indexes  —  than  the  exploitation  of  richer 
deposits  which  would  require  the  construction  of  special  con 
centratbr  plants,  new  metallurgical  plants,  etc.  Thus,  e.  g,^ 
the  favorable  evaluation  of  nephellnes  In  Krasnoyarskly  :.I^ay 
as  a  raw  material  for  the  organization  of  aluminum  productlo:. 
is  related  to  the  long-range  prospects  for  cheap  electrical 
energy  and  deposits  of  limestones  of  the  right  quality  In 
that ' region j- 

In  a  comparative  evaluation  of  deposits  It  is  also'*' 
necessary  to  consider  proximity  to  consumers  as  this  will 
assure  a  reduction  In  the  volume  of  hauls  and  accelerate  ,  ^ 
turnover  because  of  the  shorter  periods  of  hauls. 

-  The  goal  of  geographical  rapprochement  between  In-:: 
dustry  and  raw-material  sources  predetermines  the  exped- 
lency  of  "constructing  ore  mines  close  to  existing  enter-; 
prises  and  conditions  the  need  for  prospecting  for  and  e^-  ■' 
plorlng  resources  In  the  appropirlate  industrial  regions.* 

^  assessing  a  deposit  it  Is  necessary  to  take  In¬ 

to  account  not  only  the  effect  of  regional  conditions  . 
the  cohstructloh  and  operation^  6t  enterprises  but  also  We,; 
effect ‘of  such  constmictlon  ahd  operation  on  the  economicr:^ 
development  of  the  concerned  region,  , 

the  fundamehtar  principles  of  the  geographl-  , 
cal  distribution  of  Socialist  Industry  Is  the  more  rapid 
development  of  the  previously  backw^d  rieglons  of  the  USifflV 
:cn  this  sense,  the  development  of  the  orermlnlng:  IndustiT  and 
the  exploitation  Of  new  deposits  have  played  an  exceptional 
role.  The  mastering  of  the  coal,,  iron-ore,  copper,  polymetal, 
and  other 'deposits  of  Kazakhstan  and  the  construction,  on  ‘ 
their  basis,  of  commensurate  large  eritei^rlses  have  converted 
that  republic  into  one  of  the  most  Important  Industrial  re¬ 
gions  of  the  coimtry.  A  similar  situation  has  taken  place  " 
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^  TiiC  dovcicpnicnt  oT  deposits  poc'.cs  iixaJOT*  rsquirs* 
nientc  to  the  othei'*  oranohes  or  the  national  econorav: 
tranc-pcrt,  forest  nanagoment,  building  materials  in- 

’  ®to.  Therefore,  the  evaluation 
O-  d6p03i'fcc  Slid  d6  wGrmiiic^’bi Oil  of  socju^ncs  ci*  tiioir 
development  siiould  he  tied  to  uhs  presence  of  corres"-' 
ponding  reso’irces  and  to  the  over— all  olaii  of  economic 
development  of  a  given  region,  and  ^-o  the  pla.ns  of  de- 
voiopment  of  ovher  uranohes  of  the  national  economy  as 
vroxl.  The  strategic  conditions  of  the  region  should 
also  bo  considered. 


Ensuring  a  r!axl)aal  Ircwth  in  Production  Capacities 

and  in  Output 

'  The  most  important  task  of  a  Socialist  economy: 
J.-J  to  expand  the  volUiiie  of  Industrial  output. 

'The  effectiveness  of  expenditures  on  a  given 
of  production  is  usually  determined  from  the  fol- 
lov’ing  formula,  on  the  oasts  of  volume  of  production 
per  unit  capital  Investment: 


iiThere:.  E  is  value  of  yearly  output  in  terms  of  ’^hole-, 
h3l6  prices,  per  ru.ble  of  canital  invest¬ 
ments 

is  emo'.mt  of  capital  investments  per  ruble 
of  yearly  output  in  tertis  of  v’holosale 
prices  '  ■ 

P  -is  value  of  yearly  cutout  In  wholesale  ' 
prices,  In  rubles 
is  scope  of  capital  investments. 

Index  K  should  reflect  the  scope  of  expendit¬ 
ures  on  the  construction  of  not  only  the  ore  mine  but  ' 
axsc  other  enterprises  necessary  for  obtaining  the 
^^i^ished  p3^_ducuC'  (concentrator  plants,,  electric  pov/er 
stations,  ^otailurgica3^  plants,  etc .  ) .  This  v;ill  ■  " 
make  it  possible  to  viotemnine  the  advantages  of  devel-  ' 
oping  a  given  deposit  os  viewed  from  the  standpoint  of 
the  possibility  of  ' coorclinating -and  combining  it  T’ltlT 
existing  enterprises. 

—  According  to  the  present  postulates,  the  ox- 
pendlturas  on  geologic-prospecting  activities  are 
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i'lnanced  from  the  State  Budget  and  are  not  included  into  the 
7alue  of  the  basic  funds  of  ore  mines.  We  assume  that  when 
:jhese  expenditures  are  not  regional  in  character  but  are  re¬ 
lated  to  the  discovery  of  the  reserves  and  the  exploiting 
conditions  of  a  specific  deposit,  then  they  should  be  in¬ 
cluded  into  the  construction  costs  of  the  ore  mine  and  taken 
J.nto  account  when  determining  the  effectiveness  of  capital 
Investments , 

In  addition  to  the  expenditures  on  capital  construct¬ 
ion,  the  index  K  should  Include  also  the  expenses  pertaining 
to  the  supplying  of  the  future  enterprise  with  personnel 
cadres,  and  the  amount  of  turnover  funds  necessary  for  the 
operation  of  the  enterprise. 

Unit  capital  expenditures  should  be  determined  not 
cnly  per  ton  of  resources  but  also  per  ton  of  finished  pro¬ 
duction,  because  it  is  important  to  the  national  economy  to 
:-btaln  more  production  per  time  unit. 

Periods  of  Construction.  In  evaluating  deposits  it 
’.s  greatly  important  to  consider  the  duration  of  construction 
f  enterprises  to  be  built  on  the  basis  of  these  deposits. 

•he  more  rapid  the  construction  the  more  rapid  will  be  the 
■satisfaction  of  the  needs  of  the  national  economy  for  a  type 
'f  output  and  the  more  rapid  the  recoupment  of  the  funds 
’nvested  in  the  construction. 

At  a  comparative  evaluation  of  deposits  with  dlffer- 
.'.ng  period  of  development  it  is  necessary  to  consider  the 
expenditures  which  the  satisfaction  of  needs  during  the  dif¬ 
ference  in  development  periods  will  incur  to  the  national 
••  conomy.  In  cases  in  which  the  provision  of  a  type  of  out¬ 
put  by  other  enterprises  during  the  period  of  the  difference 
in  construction  periods  is  in  general  not  possible  and  the 
..utput  in  question  is  Just  then  scheduled  to  satisfy  the  nee:'.;- 
of  the  national  economy,  the  time  factor  acquires  a  primary 
importance.  At  a  rally  of  the  builders  of  the  Volga  Hydro- 
•slectrlc  Power  Station  imenl  V.  I.  Lenin,  while  speaking  of 
vhe  present-day  expediency  of  building  thermal  electric  power 
itatlons,  which  can  be  completed  within  shorter  periods  than 
.hydroelectric  ones,  even  though  the  latter  provide  cheaper 
‘  nergy.  Comrade  N.  S.  Khrushchev  emphasized  that  "the  time 
factor  in  this  business  is  more  valuable  than  the  direct 
.•.material  expenditures,  because  lost  time  cannot  be  compensated 
\.j  ciny  financial  outlays  whatsoever"  (Blbl.  7). 

Rise  in  Labor  Productivity  and  Decline  in  Production 
fosts.  The  productive  effect~and  profitability  of  capital 
expenditures  are  characterized  by  the  maximal  growth  of  out¬ 
put  at  minimal  expenditures  of  social  labor  on  the  construe 
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ion  and  obtalnrnent  of  finished  production.  The  principal  syi: 
thetic  index  characterizing  the  effectiveness  of  capital  ex¬ 
penditures  on  the  exploration  or  development  of  a  deposit  is 
the  expenditure  of  labor  per  production  unit. 

In  the  level  of  the  socially  necessary  expenditures 
will  be  reflected  the  quality  and  quantity  of  resources, 
conditions  of  occurrence  of  the  ore  body,  physlcomlneral- 
oglcal  composition  of  the  ore,  which  predetermines  the  scheme 
-■’or  its  dressing,  economic  conditions  of  the  geographical 
region  of  the  deposit,  and  so  forth. 

Labor  expenditures  can  be  most  reliably  considered 
..n  terms  of  time  units.  However,  at  the  given  stage,  in 
view  of  the  presence  in  the  USSR  of  commodity  production  and 
the  operation  of  the  law  of  value,  the  consideration  of  the 
expenditures  of  labor  on  production  is  reflected,  even 
chough  only  partially,  in  production  costs. 

If  the  costs  of  the  exploration  or  extraction  of  one 
on  of  ore  in  deposit  A  are  lower  than  the  analogous  costs 
for  one  ton  of  an  ore  of  Identical  quality  in  deposit  B, 
then,  considering  the  analogousness  of  the  structure  of 
costs  of  exploration  and  extraction,  it  can  be  stated  that 
the  expenditures  of  socially  necessary  labor  at  deposit  A 
are  also  lower. 

For  a  comparative  evaluation  of  deposits,  it  is  Im- 
possible  to  restrict  attention  to  a  comparison  of  the  costa 
'f  a  ton  of  ore  or  even  of  a  unit  of  the  content  of  a  metal 
n  ore.  Depending  on  the  scheme  of  technological  process, 
degree  of  recovery  of  valuable  components,  costs  of  further 
processing  of  ore,  etc.,  the  costs  of  the  finished  product¬ 
ion  may  prove  to  be  very  high  even  when  the  costs  of  the 
raw  material  are  relatively  low. 

Lenin's  indication  of  the  need  for  considering,  when 
tistrlbutlng  Industry  geographically,  "the  possibility  of 
’;he  least  expenditure  of  labor  during  the  transition  from 
•he  processing  of  raw  material  to  all  the  successive  stages 
of  processing  of  the  semifinished  products  until  the  obtaln- 
^.ent  of  the  finished  product"  (Blbl.  8)  should  be  used  un- 
•  ondltlonally  as  the  guldepost  for  evaluating  deposits.  Con- 
-oquently  It  is  necessary,  when  evaluating  deposits,  to  de- 
ermine  the  costs  of  the  finished  production. 

Because  of  the  conditions  of  occurrence  of  an  ore 
•ody  in  a  deposit,  in  the  course  of  the  working  of  that  de¬ 
posit  it  may  become  necessary  to  alter  the  mining  system. 

The  transition  to  deeper  ore  horizons  may  cause  a  change  in 
the  metal  content  of  the  ore,  and  in  the  very  nature  of  the 
ore  (e.  g.,  transition  from  oxidized  to  sulfldlc  ores), 
which  will  affect  considerably  the  costs  of  finished  prod¬ 
uction.  This  necessitates  the  determination  of  the  costs 
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of  finished  production  in  advance  for  the  entire  period  of 
orojected  exploitation  of  a  deposit  instead  of  after  the  pro¬ 
jected  output  capacity  of  the  local  ore  mine  has  been  reached. 
In  addition  to  the  production  costs,  the  profitabil¬ 
ity  index  can  also  be  used  as  an  index  for  the  comparative 
evaluation  of  a  deposit.  The  rate  of  profitability  of  in¬ 
dividual  deposits  is  determined  according  to  the  following 
formula: 


where  H  is  profitability  rate,  in  percent; 

P 

C  is  value  of  finished  production  recovered  from  one 
ton  of  ore,  in  i*ublesj 

V  is  amount  of  operating  expenses  per  ton  of  raw 

material  until  the  finished  production  is  obtained, 
in  rubles. 

Also  of  economic  interest  is  the  profitability  rate 
ietermlned  as  the  ratio  of  the  s\jm  of  yearly  Income  to  the 
/alue  of  the  basic  funds  of  an  enterprise.  It  can  be  ex¬ 
pressed  by  the  following  formula: 

(C  —  V)  II 

K  /  0..^  .  '  ^ 

where  II  is  amount  of  yearly  output,  in  tons; 

K  is  value  of  fixed  assets  in  rubles; 

0,,^  is  amount  of  liquid  assets  in  rubles,  : 

The  meaning  of  C  and  V  is  the  same  as  in  the  precediiia 

formula. 

An  analysis  of  the  prices  of  the  production  obtained 
from  mineral  resoiirces  indicates  that  their  level  deviates 
in  a  number  of  cases  not  only  from  value  but  also  from  pro¬ 
duction  costs.  Thus,  the  wholesale  prices  for  the  poly- 
letal  ores  of  the  Lenlnogorsk  and  Sokol ‘nyy  ore  mines  are 
'^5  percent  lower  than  their  production  posts,  Mlrgallsay 
Ore  Mines  —  47  percent  lower,  Karabash  Ore  Mine  —  35  per¬ 
cent  lower,  etc.  therefore,  it  is  more  correct  to  determine 
profitability  on  the  basis  of  finished  production. 
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Correlation  of  Capital  Investments  and  Production  Costs 

In  a  comparative  evaluation  of  deposits  It  Is  possible 
to  encounter  cases  In  which  the  exploration  or  development  of 
a  given  deposit  require  more  capital  expenditures  per  pror 
ductlon  unit  but  less  operating  expenditures,  and  vice  versa. 
In  such  cases  It  Is  necessary  to  relate  these  two  Indexes 
mutually.  While  under  capitalism  preference  Is  given  to  the 
version  assuring  a  higher  profit  rate.  In  a  Socialist  society 
this  problem  should  be  resolved  on  taking  Into  account  the  ir. - 
terests  of  the  national  economy.  Thus,  a  vital  Influence  on 
:he  solution  of  the  problem  may  be  exerted  by  periods  of  con- 
■•itructlon,  region  of  location  of  deposit,  etc.  But  In  cases 
i.n  which  the  exploitation  of  the  deposits  under  evaluation 
ensures  the  interests  of  the  national  economy  to  an  Identical 
degree.  It  Is  necessary  to  correlate  these  indexes.  In  pro¬ 
ject-design  practice  such  correlation  Is  usually  conducted 
by  determining  the  periods  of  the  recoupment  of  the  addition¬ 
al  capital  investments  through  savings  in  operating  expendi¬ 
tures,  or  by  calculating  the  rate  of  return  yielded  by  the 
originally  invested  funds. 

When  the  latter  method  Is  used,  compound  or  simple 
Interest  on  the  sum  of  the  necessary  capital  investments  Is 
calculated,  and  the  percentage  of  that  interest  Is  added  to 
the  operating  expenditures,  and  this  is  followed  by  comps'-l- 
3ons  of  the  production  costs  for  the  Individual  versions. 

The  following  formula  Is  used  to  determine  the  per¬ 
iods  of  return  of  the  additional  capital  Investments: 

^  „  K2  -  Kl 

Cl  -  02 

where  t  is  periods  of  return  on  additional  capital  Invest- 
aents;  Ki  and  K2  are  capital  .Investments  according  to  two 

versions.  In  rubles;  and  Ci  and  C2  are  amounts  of  annual 
operating  expenditures  on  the  comparable  production.  In 
rubles. 

In  an  article  concerned  with  this  problem  V.  V.  Noz- 
ovhllov  (Blbl.  9)  demonstrated  convincingly  that  the  rate  of 
vhe  recouperaent  period  constitutes  in  the  quantitative  sense 
;he  same  thing  as  the  calculation  of  the  return  on  the  origin¬ 
ally  Invested  funds.  However,  the  period  of  the  recoupment 
(return)  of  additional  capital  Investments  constitutes,  in 
principle,  something  different. 

Capital  Investments  serve  to  conduct  the  mechanizat¬ 
ion  of  an  enterprise  and  the  perfecting  of  techniques  and 
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technology,  which  lead  to  an  Increase  in  the  productivity  of 
(Social  labor.  Therefore,  we  are  entitled  to  expect  that  of 
versions  assuring  the  Interests  of  the  national  economy  to 
an  identical  extent,  that  version  with  the  greater  sum  of 
capital  Investments  should  ensure  a  saving  in  social  labor 
which  should,  within  a  definite  period,  compensate  for  the 
additional  capital  expenditures. 

Academician  S.  G.  Strumilln  suggested  that  the  time 
factor  be  considered  in  capital -Investment  projects  by  talcing 
into  account  the  losses  ensuing  from  the  continual  depreciat¬ 
ion  of  fixed  assets  as  a  result  of  the  continuous  rise  in 
labor  productivity  (Bibl.  10), 

The  greater  the  Investments  in  a  given  object  the 
greater  will  be  the  detriment  to  the  national  economy  as  a 
result  of  their  devaluation  depreciation.  Therefore,  on  com¬ 
paring  the  versions  requiring  differing  capital  expenditures 
—  all  other  conditions  remaining  equal  —  we  are  Justified 
in  assuming  that  the  detriment  stemming  from  the  expending 
of  additional  capital  investments  should  be  compensated  by 
reduction  in  operating  expenditures. 

The  sum  of  the  detriment  (P)  can  be  calculated  from 
the  following  formula; 


P  r  K  /  0  -  K  /  0^ 

Where  K  is  sum  of  original  capital  Investments  into  fixed 
assets,  in  rubles; 

0,  is  sum  of  liquid  assets,  in  rubles; 
r  is  mean  annual  rise  in  labor  productivity,  in  percv^nt 
t  is  period  of  exploitation  of  deposit,  in  years. 

The  production  costs  of  an  output  unit,  on  talcing  in¬ 
to  account  the  detriment  Incurred  by  the  devaluation  of  fundc 
expended  on  fixed  and  liquid  assets,  can  be  determined  from 
the  following  formula: 


C=  (K  -  0  /  W  /  P)  ;  • 
a  •  t  •  f  •  q 

where;  C  is  prime  cost  of  output  unit,  in  rubles; 

W  is  amount  of  operating  expenditures  for  the  entire . 
period  of  exploitation  of  a  deposit,  on  deducting 
amortization,  in  rubles  (W  =  a*t»V); 
a  is  yearly  productivity  of  ore,  in  tons; 


-  52  - 


..<»  - 


^  con'CGji't  of  metal  in  ore.  In  percent j 

q  Is  boefflcient  of  recovery  of  metal  on  all  stages  of 
the  technological  process; 

Y  Is  content  of  metal  In  finished  production,  in  per- 
cent; 

0  is  remanent  value  of  solid  assets,,  in  rubles;  , 

The  other  symbols  retain  their  previous  connotations. 

in  the  evaluation  of  a  deposit  and  determination  of 
unit  rat©  of  capital  invsstments  and  prim©  costs  of  product- 
the  comprehensiveness  of  utilization  of"  raw  material  Is 
or  vital  Importance.  Here,  however.  It  Is  necessary  to  take 
into  account  the  national-economic  demand  for  the  individual 
components- and  the  balance  of  its  satisfaction.  For  instance- 
ine  needs  of  the  national  economy  for  a  number  of  rare  com¬ 
ponents  (vanadium,  germanium,  etc.)  can  be  fully  and  less 
^expensively  satisfied  by  the  recovery  of  these  metals  not 
xrom  nonferrous -metal  ores  but  from  iron  ores  and  by  the 
coke -chemical  industry.  Therefore,  when  evaluating  poly- 
.'letalllc  deposits  it  is  necessary  to  proceed' .’hot  from  the 
r:.axlmal  but  from  the  optimal  recovery  of  .  the  components 
contained  in  the  raw  material.  The  unit  rate  of  capital  in¬ 
vestments  during  a  comprehensive  utilization  of  the  raw  mat¬ 
erial  can  be  determined  in  terms  of  the  value  of  the  recover¬ 
ed  components,  per  ton  of  raw  material  or  per  ruble  of 

production,  while  the  distribution  of  capital  ex- 
pandlt^es  among  the  individual  recovered  components  can  be 
determined  in  proportion  to  their  wholesale -price  value. 

Evaluation  of  Deposit,  and  the  Designing  and  Planning 

.■U4*i.t  results  of  the  evaluation  of  a  deposit  should  be 

villzed  in  the  deslgr^ng  and  planning  of  detailed  geologic- 

constructing  individual  enterprises 

of  the  mlrilhg  Industry. 

The  evaluation  of  deposits  should  be-  conducted  in 
uccesslve  staps.  The  preliminary  evaluation  of  the  exped- 
..  ancy  of  detailed  exploration  is  conducted  by  geologists  from 
vne  standpoint  of  the  importance  of  a  given  mineral  to  the 
i.-sitlonal  economy,  on  the  basis  of  the  balance  of  the  mineral 
::  aw  material,  content  of  metal,  thickness  of  ore  body  and 
conditions  of  its  occurrence,  strength  of  ore,  volume  of  de¬ 
fected  reserves,;  thaterial  composition  of  os  — —  factors  deter- 

technology  and  economic  indexes  of  the  processing 
Ox  the  ore.  ° 

On  the  basis  of  these  data,  by  analogy  with  the  ex- 
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.Istlng  or  planned  enterprises,  the  following  principal  econ¬ 
omic  Indexes  are  roughly  determined:  production  costs,  unit 
rate  of  capital  expenditures,  profitability,  and  construction 
period.  A  comparison  of  the  indexes  thus  determined  with  the 
analogous  indexes  of  existing  pace-setting  ^terprises  makes 
it  possible  to  determine  the  value  of  the  given  deposit  and 
the  expediency  of  . its  detailed  exploration. 

The  second  stage  of  the  evaluation  consists  in  the 
compiling  of  long-range  plans  of  development. of  individual 
branches  of  the  raining  Industry .  For  this  pui*pose,  on  .the^  , 
basis  of  more  detailed  calculations  of  all"promlslhg  deposit d 
of  a  given  group  of  metals,  it  is  necessary  to  -determine  the 
principal  technical  and  economic  Indexes  characterizing  the 
economic  effectiveness  of  the  development  of  individual  de¬ 
posits  or  expansion  of  existing  ore  mines.  ' 

Such  a  comparative  evaluation  serves  as- the  basis 
for  compiling  technical-economic  reports  which  justify,  oh 
taking  into  account  the , long-range  needs  of  the  country, 
v.’hlch  deposits  should  be  brought  under  exploitation  and  in 
what  order  of  sequence.,  . 

The  comparative  evaluation  of  the  effectlv’ehess  of 
development  of  Individual  deposits  serves  as  the  material  , . 
for  stipulating,  in  the  long-range  plans,  the- calendar 
periods  of  construction  of  individual  mines  arid  for  drafting 
on  this  basis  the  appropriate  project  designs.  In  a  Social¬ 
ist  economy  the  solution  of  the  problem  of  the  sequence  of  . 
development  of  individual  deposits  may  be  affected  not  only 
by  economic  effectiveness  but  also  by  political,  strategic 
and  other  considerations.  However,  such  a  solution  should 
be  decided  upon  on  taking  into  account  the  material  expend¬ 
itures  it  will  incur.  "The  criterion  of  effectiveness  is 
not  a  regulator  but  an  objective,  well-founded  and  precise 
nechanlsm  for  the  planning  of  the  national  economy,  includ¬ 
ing  also  construction"  (Blbl,  11).  i 

.  The  economic  evaluation  of  Individual  deposits  is 
not  fixed  —  it  varies  according  to  the  needs  of  the  country, 
technological  progress,  and  discovery  and  exploration  of  de¬ 
posits.  Thus,  considering  the  recently  discovered  possibili¬ 
ties  for  replacing  lead  by  aluminum  and  plastics,  there  is,, 
no  need  to  bring  under  exploitation  the  medium  and  small  de¬ 
posits  of  low-grade  lead  ores  requiring  a  high  unit  rate  of 
capital  expenditures  and  involving  high  prime  costs  of  the 
::ietal.  Therefore,  the  evaluation  of  deposits  cannot  be 
episodic  in  character.  It  should  be  conducted  continually 
and  systematlcairy  in  the  process  of  the  compilation  of  long- 
range  and,  particularly,  current  plans  of  development  of  the 
national  economy. 

The  presence  of  long-range  plans  of  sequential  devel  - 
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opment  of  individual  deposits  does  not  exclude  the  possibility 
and  expediency  of  introducing  proper  revisions  into  these 
plans.  However,  this  does  not  lessen  the  need  for  conducting 
such  a  comparative  evaluation  of  deposits,  which  will  ensvire" 
such  a  consecutiveness  of  their  exploration  and  development 
as  will  yield  the  greatest  effect  to  the  national  economy. 

Received  10  April  1959 
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